
AgR!CULTURAL ReSEARCH SiSTITUTE 



THE SILYICITLTUEE 
INDIAN TREES 



YOLUME II 
Leguminosae (Oaesalpinieae) to Yerbenaceae 



OXFOBD UNIVERSITY PKESS 

LONDOJ 1 3SDIN1UJRGH GLASGOW OT3W YOltK 

a l OHC )N ' 1 - , ° MELHOUBNJE OAl J E TOWN HOMBAY 

H U M P H R E Y M I L 1? K D 

L-liniitSUElt TO TLII') UHIYEIISIl'!" 



2007.2 



THE SILYICULTURE 

OP 

INDIAN TREEB 



BY 



R. S. TROUP, M.A., C.I.E. 

INDIAN rOEEST SEBTIOE ; FELLOW OJF ST. JOHn's COLLEGE, OXFOI?D, A.ND 
PKOMSSOB OP FOEESTHY IN THE ITNIYEHSITY 



YOLUME II 
Leguminosae (Caesalpinieae) to Verbenaceae 



PUBLISHED UNDER THE AUTHORITY OF HIS MAJESTY'S 
SECRETARY OF STATE FOR INDIA IN COUNCIL 



X F E, D 

AT THE CLARENDON PRESS 
1921 



CONTENTS OF VOLUME II 

PAGE 

LIST OP ILLUSTRATIONS vii 

ORDER XXIII. LEGUMINOSAE (contd.) 337 

SUB-ORDER II. CAESALPINIEAE 337 

1. Caesalpinia, p. 337 ; 2. Poinoiana, p. 337 ; 3. Acrocarpus, p. 338 ; 
4. Hardwickia, p. 340 ; 5. Saraca, p. 362 ; 6. Amherstia, p. 362 ; 
7. Tamarindus, p. 362 ; 8. Oassia, p. 366 ; 9. Bauhinia, p. 375. 

SUB-ORDER III. MIMOSEAE ....... 389 

1. Prosopis, p. 389 ; 2. Xylia, p. 402 ; 3. Acacia, p. 418 ; 4. Albiz- 
zia, p. 466 ; 5. Dichrostacbys, p. 484 ; 6. Adenanthera, p. 485 : 
7. Pithecolobium, p. 485 ; 8. Leucaena, p. 486. 

ORDER XXIV. ROSACEAE ....... 487 

1. Prunus, p. 487 ; 2. Pyrus, p. 490. 

ORDER XXV. HAMAMELIDACEAE 491 

1. Bucklandia, p. 491 ; 2. Parrotia, p. 496. 

ORDER XXVI. RHIZOPHORACEAE 496 

1. Rhizophora, p. 500 ; 2. Ceriops, p. 501 ; 3. Kandelia, p, 503 ; 
4. Bruguiera, p. 503 ; 5. Carallia, p. 504. 

ORDER XXVII. COMBRETACEAE . . . . . .506 

1. Terminalia, p. 507 ; 2. Anogeissus, p. 538 ; 3. Lumnitzera, p. 548. 

ORDER XXVIII. MYRTACEAE 548 

1. Eugenia, p. 548 ; 2. Eucalyptus, p. 556 ; 3. Barringtonia, p. 590 ; 
4. Careya, p. 591 ; 5. Planchonia, p. 592. 

ORDER XXIX. LYTHRACEAE 593 

1. Lagerstroemia, p. 593; 2. Duabanga, p. 605; 3. Sonneratia, p. 608 ; 
4. Woodiordia, p. 600 ; 5. Punica, p. 610. 

ORDER XXX. SAMYDACEAE 610 

1. Casearia, p. 610 ; 2. Homalium, p. 611. 

ORDER XXXI. DATISCACEAE 612 

Tetrameles, p. 612. 

ORDER XXXII. CACTACEAE . |. . . . . . .612 

Opuntia, p. 612. 

ORDER XXXIII. RUBIACEAE 613 

1. Anthocephalus, p. 614 ; 2. Adina, p. 616 ; 3. Stephegyne, p. 621 ; 
4. Nauclea, p, 624 ; 5. Hymenodictyou, p. 625 ; 6. Wendlandia, 
p. 628 ; 7. Gardenia, p. 628 ; 8, Randia, p, 632. 



vi CONTENTS 

PAGB 

ORDER XXXIV. ERICACEAE . . . , ... .633 
1. Rhododendron, p. 633 ; 2. Pieris, p. 635. 

ORDER XXXV. MYRSINACEAE 63« 

Aegiceras, p. 636. 

ORDER XXXVI. SAPOTACEAE 636 

1. Miimisops, j>, 637 ; 2. Eassia, p. 640. 

ORDER XXXVII. EBENACEAE 646 

Diospyros, p. 646. 

ORDER XXXVIII. OLEACEAE 656 

I. Fraxinus, p. 656 ; 2. Olea, p. 658 ; 3. Nyctanthes,' p. 661 ; 
4. Schrebera, p. 662. 

ORDER XXXIX. SALVADORACEAE 662 

Salvador&, p. 662. 

ORDER XL. APOCYNACEAE 663 

1. Holarrhena, p. 664; 2. Alstonia, p. 668; 3. Wrightia, p. 66S ; 
4. Carissa, p. 672. 

ORDER XLI. ASCLEP.1ADACEAE 672 

:i . Oryptostegia, p. 671} ; 2. Calotropis, p. 673. 

ORDER XLII. LOGANIACEAE . 673 

I. Stryehnos, p. 673 ; 2. Eagiaea, p. 676. 

ORPER XLII1. RORAaiNAOEAE «77 

I. Cordhi,, p. 677 ; 2. Ehretia, p. 682. 

ORDER XLIV. KIGNONIACEAE 084 

1. Storeospermum, p. 6S4 ; 2. Orosyhim, p. 69.1 ; 3. Millingtonia, 
p. (ii)2 i 4. Tecoma, p. (5,93. 

OEDER XLV. ACAWTHACEAE «593 

1. Acanthus, p. 693 ; 2. Adhatoda, p. 694 ; 3. Phlogacanthus, p. 694 ; 
4. Strobilanthes, p. 694. 

ORDER XLVI. VERBENAOLAE 697 

1 . Tectona, p. 697 ; 2. Gmelina, p. 769 ; 3. Vitex, p. 776 ; 
4. Prcmna, p. 778 ; 5. Callicarpa, p. 778 ; 6. Avicennia, p. 779 ; 
7. Lantana, p. 780. 

in:dex to wcientipkj names, yolume II. ' 



LIST 0F ILLUSTRATIONS, VOLUME II 

I>AGE 

137. Acrocarpusfraxinifoliii& i aeodling . 339 

138. Hardwiclcia binatu, aapling orop on tiap, jShmar, Cenlral Provinees. (D. 0. Witt 

photo.) 342 

139. Hardwickia binata, bushy yomig growth on a hoavi]y grazed iirea, Nimar, Centra] 

Provinoea. (1). 0. Witt photo.) 342 

140. Harchmckia binaia, old pollarded tree on sandstone, Ximar, Central Piwineos. 

(D. O.Witt plioto.) 343 

141. Hardidckia binaia, seedling 344 

142. Hardwickia ■pinnata, seedling .......... 363 

143. Tamarindus indiea, seedling .......... 365 

144. Oassia listula, Dehra Dun, United Piwhices, (T, B. Cbitrakar photo.) . . .366 

145. Gassia lislula, aoedling 368 

146. Gassia auri&data, seodling 374 

147. Bauliinia racemosa, seedling .......... 377 

148. BauMnia malabarica, soedling ..'........ 381 

149. Bauhinia purpurea, seodling .......... 384 

150. Bauhinia mriegala, seedling . . . . . . . . 388 

16.1. Prosopis spicigera, seodling ........... 393 

152. Prosopis spiciyera, plantation abont forty years okl, Chmiga, Mallga, Piuijab. 

(E.Marsdenphoto.) .396 

153. Kylia dolabriformis, Burma, ( J, H, Laoe photo.) 397 

154. Xylia dolabriprmis, seedling 406 

155. Xylia dolabriprmis in uppor mixed fore.it; Burma. (J, W. OIivor pliot'6.) . . . 408 

156. X.ylia dolabrijbrmis, soodling towards end of seconcl soason, regularly weedecl and 

waterod. (T. B. Ohitrakar photo.) 409 

157. Xylia dolabriprmis, seedlings flfteen montls old, showing oilect of weoding, Dehra Dun. 

(T. B. Clutrakar photo.) 409 

158. Xylia dolaliripnnis, dcuso natural roproctuetion in tire-ptotectod forest, ostablislnuent 

assisted by gradual opening of tho overhead eanopy combined with repeated oloanings, 

Minhla rosonre, Tharrawaddy, Burma. (A. Rodger photo.) 410 

159. Xylia dolabriprmis, donso natural sapling crop in hre-protected forest, assisted by 

gradual opening of ovorhead ennopy combined with repoated oloanings, Konbilin 

resorve, Tharrawaddy, Bunua. (A. Rodgor photo.) ...... 411 

160. Xylia xylocarpa, seedling . . . . . . . . . .41« 

101. Acucia arabica, seodling ........... 428 

162. Acacia, arabica, weoded ridge sowings, end of firat soason, Hainirpur district, Uuited 

Provincos,- (Autlior photo.) 438 

163. Acacia arabica, ridgc sowingsin bodof stroam, end of second year,Pisher tbrest, Etawah, 

United Provinces, (fi. Marsden photo.) 438 

164. R.avino lands beiug ailorested with Acacia arabicu, Kalpi, Unitcd Pi'ovinees. 

(T. B. Ohitrahar photo.) . 430 

165. Acacia arabica, sowings on ravino lands, Kalpi, United Provinces. (T. B. Chitrakar 

photo.) 439 

166. Acaciu, leucopMoea, soodling ........... 446 

167. Acacia hmcopMoea, Upper Burina. (A, liodgor photo.) ...... 448 

168. Acacia, Catechu tree, 10 ft. 6 in. ha girth, in weriiin traet, Siwaliks, United Pi'ovinces. 

(Author photo.) 448 

109. Riverain foiost of Acaciu Oatechu, Siwallks, United Proviiices 449 



viii LIST 0F ILLUSTRATIONS 

PAtJK, 

170. Acacia Calechu, scedling ..... 450 

171. Line sowings of Acacia Catechu three and a half months old in conjunction with tield 

erops, DehraDnn, (T. B. Chitrakar photo.) 454 

172. Acacia Catechu on very poor oroded grormd, Gonda distriot, United Provinees. 

( Author photo. ) 454 

173. Acacia Oatechu. unirrigatedline sowings. weeded and thinned, end of third season, Dehra 

Dun. (T. B. Chitrakarphoto.) 465 

174. Coppice of Eiicalyptm Globulm and Acacia dealbata, six years old, tho lattor iorming an 

underwoodto theiormer, CoonoorPeakplantation, Mlgiris. (Authorphoto.) . . 404 

175. Coppico of Acctcia dealbata, with youngor coppico intermiugled, and numerous root- 

suekors iu torcground, Nilgiris. (Authorphoto.) . ...... 465 

17(i. Mised plantation of Biicali/ptus Globuhis and Acacia M.elanoxyton, forty yoars okl, Iiallia . 

plantntion, Nilgiris. (Author photo.) 466 

177. Albiada Lebbeh in overgreen iorest, Andamans ....... 467 

178. Albiz::ia Lĕlilel; secdling 4.68 

170. Albizaia slipulata, United Provinces, (Basti Kam photo.) ..... 472 

150. Albizzia procc.ra growing gregariously on low-levol savannah, Goalparn, Assam. 

(Autlior photo.) .473 

151, Albizsia siipulala, soodling ........... 475 

182. Albiszia proee.ru, seodling . . . . . ... . . . 47(5 

1.83. Albkaia lucida, suedling ........... 482 

184. Prniius Patlus, seodling ............ 489 

185. Prinms Padiis growing grognriously, with an underwood of Taxns baccata, Hrami. 

(Autlior plioto.) . 490 

180. Biici.iandiajiopitlnea, inatiiro troe, girth22ft, Cin., height 140 ft., bole S5ft., Darjeoling 

hiJls. (li:. 8. Gibsoti photo.) 401 

187. Btichlandia pnpiilnca, polo grown iu suHiciently close erop to produee a eloan liolc, IJar- 

jeoling liills. (H. >H. Gibson plioto.) 4(11 

!SS. BtwJ.iandia pnptitn.ua, plantation botwoon twenty and thirty years old, Daijeeling hills. 

(H. H. Ciibson photo.) '....'. 491 

180. Bitcldaniiia popiilnea, soedlmg .......... 493 

100. BitcliawUa jmpnlnca, phmtatkm five years old, Surial, Dai.jeoling hills, 4,,'iOO ft. 

ehwation. (K Mnisden photo.) ......... 404 

101. BtwUandia populncu, iniorior of pliuitntion thirty-eight yoarn old, bolow Bn.ngiruni, 

Dnrjeclhig hills. (E. Marsdon photo.) ........ 405 

102. Rlri/oplioranoiio, gonninatioH .......... 502 

103. Teriiiiiiulia belcrica, sowllhtg ........ 508 

104. Termiimlia ('lielmlti, sondling .......... 512 

105. Terimntrtiti.belcrica/Umbod.lhwhuicis, (Bnsti Riun plioto.) ..... 514 
1SKJ. Tcrmi.iiu.lia /omcnl.osa, tvv.v. 12 l't. 4 in. in girth and .115 ft. iu hoigbt on alhivinl gtound, 

Ciondn dintriel-,, Unilod ProYinces. (T. B. Cliitraknr photo.) . .... 515 
197-200. Te.rmiualia. Urmeiilnsa, cstiihlishment of puro orops on idhivitd ground, tionda 

distrmt, Unitod Piwineos. (T. B. Chitrn,knr photo.) 516-17 

201. Tmiiinalia l.oiiientostt, soedling .......... 518 

202. Tmninaiia Arjun.it,, sooclling ......."... 530 

203. Terminitliit ni.yriocarptt., soedling .......... 532 

204.. Tcrmrtmlia Arjuna, Bombuy. {ii. M. Hodyson photo.) ...... 536 

205. Anogeissus latifolia, Dolira D\m, Uiiitod Provinces. (T. B. Chitrakar photo.) . . 537 

200. Anoyeissus latijolia, soodling .......... 540 

207. Anoyeissus pendula, soodliug .......... 544 

208. Eugmia Jambolana on bank of streani, United Proviueos. (Basti Bam photo. ) , . 548 

209. Eimmiitt. Janiiiolana growing gregariously along bank of stretun and worked as ooppieo, 

Gorakhpur distriet, UnitodProvineuB. (T. B. Chitrakar photo.) .... 549 

210. Eugmiia Jimibolanu, soodling 550 

211. Eugenia Jambolana, eoppico 30 ft. high in proooss of beingfolled on swamj.iy groand, 

Goralchpur distriet, Unitecl Proviuces. (T. B. Olhtrakar photo.) .... 552 



• LIST OP ILLUSTRATIONS ix 

EAQE 

212. Eugenia Jambolam, line sowings in second year, showing beneficitil eiiect af side shade, 

DohraDun. (T. B. Chitrakarphoto.) 553 

213. Engenia Jambolana, plants thirteen rnonths old rrom broadcast sowings, showing 

' bonoiioial offect of weediug, DehraDun. (T. B. Chitrakar pboto,) . . . . 554 

214. Eugenia Jatriboluna, natural reproduotiou on soft sandy soil, Tirsal forest, Dehra Dun, 

Unitod Provinces. (T. B. Chitrakar photo.) ....... 554 

213. Eugenia Jambolana, coppice four years old, 15 i t. high, on alhrnal ground along the bank 

of a stream, Gorakkpur district, United Provinces, (1. B. Chitrakar photo.) . . 555 

216. Eucah/ptus Gldbulus, ooppieo seven months old, Nilgiris. (Authorphoto.) . . . 572 

217. Eucalyptus Globitlus, coppioe, grass-land type, two yoars and six yeaTS old, Aramby 

plantation, Ootacamund. (Authorphoto,) 573 

218. Eucalyptus Globulus, coppice eight years old, grass-land type, Aramby plantatioa, 

Ootacamund. (Anthoiphoto.) . 574 

219. Eucalyptus Glohdus, coppice on shola-land, aga four years, height 45 ft., CoonoorPeak 

plantation, Nilgiris, (Author photo.) 575 

220. Encahjptus Globuhis, plantation, forty-nine years old, on «7wfa-land, Aramby II. 5, 

Ootacamund. (Authorphoto.) . 576 

221. Eucalyptus Gldbulus, high foresfc plantation, thirty yoars olcl, Mntinad, Kilgiris. 

(Author photo.) . , 577 

222. Barringtonia acntangula, seedliug ...'..... . . 590 

223. Lagerstroemia <parvijlora, seedling ......... 594 

224. Formor rivoraiii forest of Dalbergia Sissoo in procoss of convorsion to forest of 

Latjerslroemia parviflora, Goalpara, Assam. (Authorphoto.) . .... 596 

225. Lagersiroemia lanceolata, Bombay. (R. S. Pearson photo.) ..... 597 

226. Lagerstroemia Mos-Beginae, seedling ......... 598 

227. Lagerslroemia tomenlosa, seadling ...... ... 600 

228. 'Duabmuga sonneratioides. secdling . 604 

220. Duabanya sonneratioides. (B. S. Gupta photo.) ....... 606 

230, Dmbanga sonneratioides, orop sis years old, Darjeeling hills. (E. Marsden photo.) . 607 

231. Homalium tomentosum, girth 12 ft., height 120 ft., Minhla resei've, Tharrawaddy, 

Burma. (A. Rodger photo.) . . . 612 

282. Homalium tomentosum in uppor mixed forest, Prome, Burma. ( J. W. 01rver photo.) . 613 

233. Anihocephalus Gadamba, seedling ........... 614 

234. AntJwccpJialus Oadamba, natural reproduotiou on an area forraerlygrazecl, but iree from 

graaing in recont years, Buxa diviaion, Bengal. (Author photo.) .... 616 

235. Adina cordifclia, vigorous seedling in third season. (T. B. Chitrakar photo.) . . 617 

236. Adina cordifolia, Siwalik hills, United Provinces. (T. B. Chitrakar photo.) . . .617 

237. Adina cordifolia, seedling ........... 618 

238. StepJiegync parvifolia, height 78 ft., girth 27 ft. 6 in., Siwalik hills, United Prorinoes. 

(T. B. Chitrakar photo.) 621 

239. Stepliegyne parvifolia, seedling .......... 622 

240. Hymei wdktyon excelsiim.. seedling . ..... ... 626 

241. Gartlenia lurgida, seedliug .....■■•-.- 631 

242. lUiododendron arboreum, seedling .......... 635 

243. Mimusops Elcngi, seodling 638 

244. Bassia lalifolia on formei' forest land cleared for cuItivation, Singhbhum, Chota Nagpur. 

(Author photo.) 641 

245. Diospyros burmanica, regrowth from root-suokers and eoppioe-shoots on rields left 

unworked for four years, Burma. (A. Kodgerphoto.) . ... 641 

246. Bassia latijblia, seedling ....... .... 643 

247. Bassia longifolia, seedling 644 

248. Diospyros Melanoxylon, seedling 648 

249. Diospyros Embryopleris, seedling 652 

250. lraxinus excelsior, girth 8 ft. 1 in., upper Siran va]]ey, Hazara. (Authorphoto.) . . 058 

251. Fraxinus xaniJioxyloides, Kagan valloy, Hazara. (Author photo. ) . . . .658 

252. Olea cuspidata, HJMara. (Author photo.) . 659 



x LIST 027 ILLUSTRATIONS 

PAGE 

253. Ilolarrhcna antidt/senterica iiifrait, Dehra Dun. (T. B. Ghitralcarpboto.) • . . 664 

254. AUtonia srjtolaris, Dehra Dun. (T. B. Chitrakar plioto.) ...... 663 

255. Holarrhena antidysenterica, seedling . . . . . . . . . 066 

256. Wrightia lamtntowb; seedlmg . ....... 670 

257. Strychnos Nux-blanda, seedling . . . . . . . . " . . 674 

258. Gordia Mym, seodling • •■•■•..... 679 

259. Gorddci vestita, seedling . . .... . , .... 680 

260. Stereospermum miaveolem, soedling •.....,.. 686 

261. Oroxtjlwm indicum, aeodling •■•........ 690 

262. TecloMi grandis, gtith. 11 it. 7in.,Minye, Toungoo, Bnrmn, (J. H. Lnco photo.) . . 698 

263. Teak treo, hoight 152 ft., girth 10 ft, 3 in., Mohnyin resorve, Kntha, Uppor Bunna. 

(Anthor plioto.) •••••-...... 699 

264. Pure toak torost, Mohnyin, Katha, Uppor Bunnn. (Author photo.) .... 699 

265. Toak in overgroen forest, Mogaung, Upper Brirma. (J. W. Oliverphoto.) . . . 702 

266. Toak in upper mixod forost, Bhamo, Upper Burmn. (J. H. Laeo photo.) . . . 703 

267. Teokinlowor mixedforost, Pyinmaua, Uppor Burnui. (J. H. Laoaphoto.) . . 708 

268. Tectona ijrandis, iniloresoeiice. (T, B. Chitrakarphoto.) ...... 709 

269. Tectona grandis, rrniting paniclo. (T. B. Chitrakar photo.) ..... 709 

270. Tiictana ijrandis, soodling ........... 710 

271. Tectona yrandis, soodlings in ditleront stngos up to two montlis old. (T. B. Chitrakar 

photo.) 712 

272. Teclonaijrandis, vigorousseo<:Uingin Jirst soason. (T. B. Chitrakar photo.) . . . 712 

273. Teclmia tjruntiis, lino sowings in seoond yoar, Dehra Dnn, ahowing onoct crf weeding. 

(T. B.Ohitrakarphoto.) 713 

274. 'Natural reproduction of touk along old dragging-path, Pyinmana, Uppor Burma. 

(.1. H. Laeo photo.) 724 

275. Foro,sl; of Bambusa polt/inorpkt, novor firo-protooted, with niitural reproduction of toak 

011 tho ground, Tluiri'iuvnddy, Biuma. (F. Boadon Bryantphoto,) . . . . 725 

276. Donso yomig growth of Gcphidostachytim perijracile nndor Bambusa polymorpha in torest 

whioh has lioon liro-protoetod for.fourteen yearn, Tlinrrawaddy, Burma, (R Boadon 
Bryant plioto.) 725 

277. Doiiho natnraJ reproduction of lonk, chioily 2 to 3 ft. Jiigli, in a teak and aisaoo plantation 

torty yoars okl, Ramgarh. (.{orakhpur, Unitod ProvhieoH. (T. B. (Jhitrakar plioto.) . 728 

278. Douno liuturnl roproduction of toak in a teuk plantation forty yonrs okl, Eiungnrli, 

(kmikhpnr, Unitcd Provinoes. (T. B, Chitrakar photo.) 729 

2711. Touk phuitation tourteon yoars old, Bainulnr bloek, Nilambur, Kouth Mnlnbar. 

(Author photo.) ............ 7;)2 

280. Teak plantation twonty yoars old, Edacodu blook, Nilamhur. (Author photo.) . . 733 

281. Toak plnntation fifty-four years old, Elnnjori blouk, Nilambur. (Autlior photo ) . . 734 

282. Toak plantation fifty-soven yeara old, Panongodo blook, Nilambur. (Autliorphoto.) . 735 

283. Toiik plnntation sixty-fivo yoars old, Moolathnmnnoo blook, Nilambur. (Autlior 

photo.) 730 

284. Young toak tauntjt/a plnntation in sooond yoar, Burma. ( J. W. Oiiver photo.) . . 737 

285. Yoiuig toak tauui/i/ti plantation in tliird yonr, ThaiTiiwuddy, Burma. (J. W Olivor 

photo.) 740 

286. Tonk taumjya plnntatkm iiino yoars olcl, rondy for Jirat thinning, Thnrrawuddy, Bnrma. 

(,). H. Laeephoto.) . 741 

287. Natund roproduotion of tenk inducod by olearing overhead eanopy, cutting aud buruing 

uiulorgrowth nnd wooding youug jilants, Mohnyin, Upper Burina : plnnts of two 
rains' growth. (J. H. Laoo plioto.) ......... 752 

288. Natnml roproduction of touk indueod by oloaring ovorhead oanopy, cutting nnd burning 

undorgrowth and weoding yoimg plants, Mohnyin, Upper Burma : plants of three 
rnins' growtli. (J. H. Laeo plioto.) 7fi2 

289. Nntural reproduction of touk induced by olearing ovorhend cnnopy and undergrowtli, 

Mohnyin, Uppor Burma : nrou not burnt but weoded regularly : plnnts of fonr rains' 
growtli. ( J. H, Lnce photo.) 7,fj;5 



LIST OE ILLUSTRATIONS xi 

EAGE 

290. Rogcnemtion fellings in Mohnyin foresfc, Katha, Upper Burma : a regeneratcd area 

aftor the second rainy season, with teak seedliugs plentiiul : girdled trces not yet 
removed. (G. S. Hart photo.) 753 

291. Natnral reproduotion of tealc one year old in upper jnixed forest, induced by clearing 

overhead eovor, cntting bamboos, tlioroughly burning, and weeding the resulting 
teukseodliugs, NorthToungoo, Bunna. (G. S. Hartphoto.) 753 

292. Natural reproduction of teak in area whore bamboo (Ceplmloslachyum perrjracile) 

has Howered, Myitkyina, Upper Burma. (J. H. Laee photo.) 760 

293. Suwing of teak and cuteh (Acaoia Gateclm) in Howered baraboo area, Bwet forest, 

Prome, Bnrma. ( J. W, 01iver photo.) 781 

29i. Omelina arborea, seedling 770 

295, Gmelina arborea, irrigated line sowings tive months old, Debra ii\m. (T. B. Ohitrakar 

photo.) 772 

2G6. Gmelina arborea, irrigated line sowings, end of third season, Dehra Dun. (T. B. Ohit- 

rakar photo.) 772 

297, Omelina arborea, unirrigated weeded line sowings, entl of third seaaon, Dohra Dun. 

(T, B. Chitrakar photo.) "773 



ORDER XXIII. LEGUMINOSAE {continued) 
Sub-Oedeb II. CAESALPINIEAE 

Genera 1. Gaesalpinia, Linn. ; 2. Poinciaka, Linn. ; 3. Ageooaeptts, 
W. and A. ; 4. Habdwickia, Roxb. ; 5. Sabaoa, Linn. ; 6. Amhebstia, Wall. ; 
7. Tamarindtts, Linn. ; 8. Oassia, Linn. ; 9. Badhi^ia, Linn. 

1. CAESALPINIA, Linn. 

Speoies 1. G. Sappan, Linn. ; 2. C. digyna, Bottl. ; 3. G, Coriaria, Willd. 

1. Cacsalpinia Sappan, Linn. Sappan wood. 

A small tree or shrub, the wood of which yields a red dye. It is believed 
to be wild in the Shan hills, and is cultivated in India and Burma. 

2. Caesalpinia digyna, Rottl. Vem. SunlettM, Burm. 

A thorny scandent shrub whose pods, commercially known as tari pods, 
are very rich in tannin. It is found wild in many parts of Burma and Assam 
as well as in Bengal, occurring on waste lands and in hedgerows, chieily near 
villages ; it prefers well-drained ground with sandy soil and avoids badly- 
drained localities. The seeds are very hard and germination is difficult, 
Mr. I. H. Burkill 1 found that prolonged soaking had no effect, bufc by cutting 
through the outer impervious layer of the seed-coat with a minute eut 
germination was readily indueed : Mr. W. A. Robertson intorms me that in 
Burma germination is induced by rlling through the testa. At Dehra Dun it 
was found that germination took place almost at once, without any harm to 
the seed, by soaking the seed in hot water and then removing the softened testa. 

3. Caesalpinia Coriaria, Willd. Divi-divi, American sumach. 

A small tree of the West Indies, cultivated, chiedy in southern India, for 
the sake of its pods, which give a valuable tauning material. It grows well 
in Lower Burma, bearing pods in quantity ; some years ago there was a small 
experimental plantation at Tharrawaddy, in which the trees bore pods in 
abundance. Ifc prefers well-drainecl grouncl, becoming stuntecl on stiff soil ; 
in the Tharrawaddy plantation there was a marked difference where the soil 
becamc clayey. 

2. POINOIANA, Linn. 

Species 1. P. regia, Bojer; 2. P, elata, Linn. 

1. Poinciana regia, Bojer. Gold mohur. 

A native of Madagascar ; largely grown for ornament in the warmer and 
moister parts of India ancl Burma. It is almost evergreen, and has a broad 
spreading crown of i'eathery foliage, large Uaming red Aowers which appear 
chieily in April and May, and broad nat pods 1 to 2 ft. long, which ripen in 
the rainy season and remain long on the tree. It is usually grown from seed, 
but can also be raisecl from cuttings. • It is fast growing, and has spreading 
superhcial roots which kill out other plants. Its shallow root-system renders 
it liable !o be blown down during storms. 

1 Gardens Bulletin, Fecl. Malay States, vol. i, No. 6, 1913, p. 193. 
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2. Poinciana clata, Linn. White gold mohur. 

A small practically evergreen tree with ieathery foliage and handsome 
yellowish white nowers which tum orange as they f ade ; the llowers appear 
in the hot seasou or early rains. Wild, possibly indigenous, in the Bardĕ hills 
in Porbunder state, Kathiawar ; prohably not wild elsewhere in India. The 
tree is capahle of growing on poor dry soil, and in the Barde hills it grows 
in the crevices of trap and basalt rocks, where however it is stunted. It is 
often cultivated for oroament. It grows f ast and is easily raised from seed. 

3. ACROCABJPUS, W. and A. 

Aerocarpus inmniMius, Wight. Vem. Mandania, Nep. ; Handige, 
havalige, Kau. ; Malaihonnai, Tam. ; Balanji, Ooorg ; Yetama, mayahnin, 
Burm. 

A very large deciduous trce, usually with large buttresses at tlie base. 
Leaves bipinnate, with three or four pairs of pinnae each about a foot long : 
the young leaves are bright red. Bark thin, light grey. Heartwood light red, 
moderately hard, used for shingles, tea-boxes, furniture, and building. The 
tree is oue of the largost in India. Colonel Beddome mentions that in southern 
India he has seen trees fully 200 ft. high and 150 ft. to the nrst branch ; * he 
records a tree 27 ft. in girth ahove buttreases. Mr. Gamble states that Sir D. 
Brandis in his company measured a tree at Daliugkot in the Sikkim Himalaya 
181 ft- high and 110 ft. to the rirst braucli. 

Distmbution and habitat. Tlip natural habitat of the trce is in the 
evergreen forcsts of the Western Ghats, chietly on hill slopes up to 4,000 ft., 
Sikkim, ascending to 4,000 ft., Duai.'s, Assam, Chittagong, and Burma. I.t is 
a tree oi the regions of heavy rainiail, but Mr. Tireman mentions tliat in 
Coorg it has been cultivatcd Eor shade over coffee as far east as the 70 in. 
rainlall zone. 

ElOWBKWG, JmiTITING, ANU SILVI.CULTURAL OTIAllACTISBS. lll SOlltheni 

Inclia the flowei'S apjiear from Noveml)er to January, when tlie t.ree is lcaHcss. 
The f niits ripen from Aprii to June. Tlie tree is easily raised from seed, somc 
of which germinates within a week, wiiile some may lie clorinant for as long 
as a year bclore genninating. Bourdillon notcs that it reproduces well and 
the growth is fast. Ifc is sensitive to 1'rost. It is somcwhat iight-clcmancling, 
though capab.le of stauding some shade in youth. 

GrMB.MiKAT.ioN (Pig. 137, b-f). Epjgeous. The radicie emerges from one 
end of the seed ; thc hypoootyl elongates and earrics abovo grouucl the coty- 
ledons enclosed in tho tosta, which soon falls off with the expansion of the 
cotyledons. 

Thk seedling (Fig. 137). 

liools : primary root moclerately long, terete, tapering, wiry, ilexuose ; 
lateral roots moderate in numbor and leugth, nbrous. Hypocotyl distmct 
from root, .1-1-1 -8 in. long, terete or slightly compressecl, glabrous or minutely 
pubescent in the upper part. OoiyUdons sessile, foliaoeous, somewhat ncshy, 
0-4-0-7 in. by 0-3-0-4 i,u., ellipticai or ohlong, entire, glabrous, apex and baso 
rounded. Stem erect, woody, yellow to rusty tomentose, particularly in tiie 
younger parts ; mternodes 0-2-1 in. long. Leaws alteruate, compound, 
paripinnate, lirst 1-3 leaves with 3 pairs of leadets, the number increasing to 

1 Ind. Porestor, ii (1876), p. 190. 
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!Fig. 137. Acrocarpusfrazinifolius. Seodlingx£. 
',, seed ; b~f, germination stagea ; g, seedling six months old. 
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6 pairs by the end of the iirst season. Stipules minute, yellow tomentose. 
Rachis I in. (in the earliest leaves) to 5 in. long, yellow or rusty tomentose, 
terminating in a nne hristle. Leanets opposite, with petioles up to 0-05 in. 
iong, larger towards apex than at base of leaf, those of earlier leaves 0-2-1 in. 
by 0-1-0-5 in., those of later leaves 0-4-2 in. by 0-2-0-8 in., ovate, acute or 
acuminate, base rounded or acute, entire, hnely pubescent to glabreseent, 
lateral veins up to eight pairs. 

Rate oh geowth. Mr. Tireman recorded in 1916 the meaauremcnts of 
thirty-seven young trees in an abandoned cotree estate at Mercara, Coorg. 
These trees were raised from seedlings about a foot high collectĕd in the forest 
and planted in 1908, and at the time of measurement were therelbre about 
eight or possibly nine years old from seed. The plants had received practically 
no attention since they were planted. In 1816 their height varied from 7 to 
24 ft. and averaged 15 ft., while their girth varied from 4-5 to 31 in. and 
averaged 10-9 in. 

4. HARDWICKIA, Roxb. 

Species 1. H.binata, Roxb.; 2. H. pinnata, Roxb. 

1. Hardwickia l)iuata, Roxb. Vern. A^ijan, Hind., Mar. ; Kamra, karaahi, 
Kan. ; Acha, Tam. ; Yepi, nary&pi, yapa, Tcl. 

A moderate-siaecl to large tree, leatless for a short time or nearly evergreen, 
witli graceful drooping slender branchlets and. greyish grccn coriaceous bi- 
roliate leaves, the ieancts 1-2-5 in. by 0-5-1-2 in. ; crown conical in early life, 
becomihg broader atterwards. Bark of saplings almost silvery white and 
smooth, gradually changing aa the trec gots older to dark grey and rough with 
irrogular vertical oracks, 0-5-1 in. thick, exfoliating in narrow tlakes. In 
isolatcd situation.s or on poor shallow solls the tree tends to branch low down 
and produce a short bole, but when grown in a fairly crowdcd crop on favour- 
able soil it produces a long straight cylindrical bole with an elevated crown. 

The dimcnaions vary greatly aocording to locality. On trap formations, 
e[iaracterized by a/shallow and soniewhat stiff soil, the trcc rarely attains 
a height of 00 ft. and otten cloes not reach a height of more than 30-40 ft. 
with a inaximuni 'girth of 3 f fc. On deeper saucly soil. overlying sandstoue, 
granite, and other tormations it inay attain a height of 80-100 ft. aud a girth 
of 0-10 ft., with a cloan cylindrical bole 40-50 ft. in length. r.Iaines says 
tliat in tho Kymorc hills near the Sone river it reachcs a height of 120 ft. 
Mr. E. D. M. Hoopor records a tree with a iarge gnarled trunk 15 ft. in girth 
in the Raja's garclen at Sandur, Bollary clistrict, Madras. Almost everywhore 
the trecs havc been much mutilated by pollarding for the sake of todder, 
mauure, or bast fibre, and in niost localities the larger trees are old pollards. 
Large trees arc very frequently hollow, owing, it is generally helcl, to tormer 
daniage by tire and mutilation, and po.ss.ibly also to the repeated dying baclc 
in the seedling stage producing a centre of inlection for subsequent decay. 

The wood is perhaps thc hardcst and heaviest in India, the weight 
averaging 82 lb. per cubic foot. The sapwood is small aiicl whitc, the heart- 
wood dark rcddish brown streaked with purple, close grained, very durable, 
nsed l:or bridge and house construction, agricultural implements, carts, wheel- 
work, &c. , The bast yields a strong iibre largely employed lor ropes, and the 
branches are much lopped for nianure and cattle-fodder. 
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Distribution ano habitat. The tree is distributed in isolated blocks 
and patches varying in extent in the drier parts of the Indian Peninsula, 
extending as far north as the Banda district, United Provinces. In Madras 
it occupies well-denned areas in the Godavari, Kistna, Kurnool, Bellary, 
North Arcot, Anantapur, Cnddapah, Nellore, and Salem districts. In Bbmbay 
it is lairly common in parts of Khandesh and Nasik, and is foirad scattered 
in the dry scrub forests of eastern Belgaum ; Talbot says there is a small 
isolated patch in the Kanebennur subdivision of the Dharwar district. In the 
Central Provinces and Berar it oeeurs in parts of Buldana, Nimar, Hoshang- 
abad, and South Chanda. In Buldana it is f ound in the Amdari, Geru-Matergaon, 
and Ghatbori reserves and intervening ibrests over an area of about 182 sguare 
miles. It is fairly plentiful in Nimar, and occupies restricted areas in Hoshang- 
abad and South Chanda (south of Allapalli and in Sironcha), while it has been 
introduced artihcially in ISTagpur and elsewhere. In Chota Nagpur it is found 
only in Palamau, especially towards the Sone, on the other side of which, in 
the Kymore hills, it is frequent (Haines). It oceurs locally in Mysore and 
in some of the Central India states, for example in Indore and Gwalior. 
The remarkahly local distribution of the species, which is not altogether 
accounted for by soil and climate, is somewhat puzzling, and has not yet been 
satistactorily explained. 

The rock and soil on which the tree grows have a marked innuence on its 
growth. In many localities, for example in parts of Nimar and Buldana, in 
Khandesh and Nasik, the underlying rock is trap and the soil is usually very 
shallow, soon merging into hard murram and thence into solid rock. On this 
i ormation it is oiten remarkably gregarious, forming pure crops of greater or 
less extent where the trees, which are frequently in the pole or sapling stage, 
may grow thi,ckly together. On such ground, however, it never attains the 
large dimensions which it reaches on more porous soils overlying rocks which 
disintegrate more readily than trap. Thus the best growth is attained on 
sandstone, conglomerate, qnartzite, granite, and schist, with an overlying soil 
of sandy loam or, what is a very characteristic soil f or Hardwickia, a quart2ose 
reddish gravelly sand. On such formations the tree frequently attains a large 
size, even though the overlying soil may not he deep, since the taproot has 
a wondertul capacity for making its way through nssures in solid rock. Here, 
liowever, it is not so characteristically gregarious as it is on trap, for although 
it may form pure crops it is also commonly f ound scattered among a miscel- 
laneous growth of other species. 

Some examples may be quoted of the occurrence of Hardwichia binata 
on shallow soil overlying trap rock. In East Khandesh, Bombay, the tree 
is almost pure over considerable areas, partieularly on the higher ground with 
poor shallow soil ; in places it is mixed with teak, Anogeissus latiplia, Bos- 
iuellia serrata, and Acacia Oatechu. The trees are of comparatively small size, 
attaining their maximum girth, about 4 ft., in the Jamner reserve : most of 
the trees are hollow, owing, it is believed, to former fires. In the' adjoining 
Nasik district it occurs pure towards the Khandesh border, beeoming scarcer 
on proceeding west until it disappears aud gives place to scrub : the soil is 
poor and shallow and the trees are of small size. In the Nimar district of the 
Cehtral Provinces Hardwichia iinaia occupies a considerahle portion of the 



342 XXIII. LEGUMINOSAE 

trap areas along the branch of the Hatpuras forming tlie watershecl between 
the Nerbudda and the Tapti. R.egardmg these trap areas Mr. D. 0. Witt 
states : x ' On the extreme west we iind the Anjan scattered and fairly plenti- 
ful, but proceeding east it becomes less so, until we reaoh the railway at 
Mandwa, where it praotically vanishes, hardly a single tree being found 
throughout the whole of the ridge east of the railway. Isolated Anjan are 
found on Samardes, and it is fairly common at the western extremity of the 
ridge separating Nimar from the Berar piain. It does not grow to any great 
size in these areas. Proceediug to the areas north of the main central ridge, 
wc find tlic low and undulating hills of the Khandwa range fairly stocked with 
Anjan, and to the extreme west of this range, and extonding almost up to 
the Nerbudda, we iind a- peeuliar type of Anjan growth, viz. isolated blocks 
of practically pure Anjan in the pole stage, growing elosely and thickly together. 
Old mature trees are few and far between, and where found are of small 
dimensions, and have invariabiy at some time or other in their Iife been 
pollarded. That the present pole growth is the natural regeneration of a pre- 
viously existing Anjan forest goes withoiit saying, but the manner of its 1'orma- 
tion is a subjeot of mnch spcculation. . . . The average height of a mature 
Anjan tree throughout these areas niay be put at 40 ft. and its girth at 3 ft.'' 
Eig. 1.38 shows a sapling crop on trap in tho Nimar district. In the Buldana 
district oi Berar Hardiuickia biiiala predoininates over the greater part of tho 
trap areas, Boswellia serrata heing its cluef companion. The forest is of poor 
quality, the trees having been nmcli liacked and pollarded ; tho maximum 
height and girth of the existing trees are 25 ft. ancl 2 ft. respectively on the 
hill slopcs, and 30 ft. ancl 3 i't. respeetively on the better soil of the vallcys. 

Examplcs of the other geological formations on which Hanlwichia Itinata 
is typically louncl, consisting for tho most part of sauclstone or metamorphic 
rock, oecur in numerous localiti.es. The overlyiug soil, as alreacly montioned, 
consists chielty of a reddish gravclly sand or sandy loam, and although the 
troe is often seattered ainong other species, as a rule it attains niuch larger 
climensions than it docs on the stiiTer soii of the trap areas. hi the Kurnool 
district c>[ Madras it occurs in greater or less abundance ou thc quartzites, 
sandstoncs, and shales of the Yerramalai hills, chieily on rcddish gravcllysand 
or on saucly loarn, either in gregarious patches of varying extent or mixed 
with Soymkkt jcbrijwja, Terminalia tom.enlosa, Anogeissus lalifolia, Albizzia, 
amara, ancl teak. In some of thc lorests ol thc Oumbum range of Kurnool oid 
trecs niay be tbuucl scattered amongst a thiek growth of bamboos. Mr. E. M. 
Crotliers ' J states that the only species with which it ibrms a good mixed crop 
is Anogeissns kdijolki. 

!u tho Bcllaiy district it is louncl on rocky quartz soils, and in the torests 
of the Harpauahalli rauge it is probably the most numerously represented 
spccies, oceurring ehieily on the more level grpund at the bases of tlie several 
hill ranges ; it is most abundant on the southcrn slopes of the Sogi reseiwo 
and at the base of thc H.yarada hills, where it forms nearly pure forests. ;1 

I Tlio SyWieultnro of Hardwwhia bimta, liid. For. Records, vol, ii, pt. iii, pp. 78, 7!). 
" lnd. IPoresta, xxxi (1005), p. 880. 

II Working Han for tho Ibrosta of tho Harpanahalli Bange, Bellnry Di.striet, Mudnia, 
H. Tiromim, 1911. 
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Fca. 138. Hanltuiclda hiuata, sapling croj) ou trap, l-siniiir, Ontral Proraices. 
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Fra. 139. Hartlwickia hinata, busliy young growth on a hoavily grazed area, Nimar, Centail 

Piwinces. 
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Here tlie treos consist almost entirely of pollards. In the North Arcot district 
it occurs on the Tirpati and other hills on gneissic rock overlain by masses of 
quartzite and conglomerate ; the soij. is usually a red loam with much sand. 
Here Eardwiclcia is associated with Pterocarpus santalinus, P. Marswpium, 
Ghloroxylon Swietenia, Terminalia Chebula, T. tomentosa, Albizzia Lebbelc, 
A. odoratissima, Dalbergia latijolia, and other species. In the Salem district 
it is 1'ound in tlie Shevaroy and Aranuttu hills on gneiss, the soil being a red 
ferrugmous sandy loam. It occurs on rocky cmartz soil in Anantapur and on 
the sandstones and shales of the Palnad in Kistna. In Bombay it is found 
on sandstone in the eastern part of the Belgaum district. 

In the South Chanda distriot of the Central Provinces Hardwickia binata 
m prevalent on sandy and graveljy soil overlying sandstones and quartzites 
in the Sironcha range. Here it is essentially a tree of the sandy soils, and 
attains a girth of 8 ft. It avoids clay unless covered with a depth of sandy 
clebris. In the Nimar district, apart from the trap areas already described, 
in which, though often remarkably gregarious, it does not attain large dimen- 
sions, there is a strip of broken and hilly ground along the Nerbudda occupied 
by Vindhyan sanclstone, conglomerate, granite, schist, and limestone. The 
overlyiiig soil is sandy or gravelly, and though as a rule by no means deep, 
it is porous, while the underlying rock is much hssured. On this tract, com- 
prising the Punasa and Chandgarh ranges, Hardwickia is never pure, but is 
always mixed with other speoies, seldom forming more than 5 per cent. of the 
grownig stock. The development of the indnddual trees, however, is here 
excellent, mature trees with a height of 80-100 ft,, a girth of 6-10 ft., and 
a clean cylindrical bole of 40-50 ft. bemg by no means uncommon. As regards 
natural reproduction, a distinction has to be drawn between the forest on the 
hard crystalline Vindhyan sandstones, which disintegrate with dimculty and 
have a shallow covering of soil, and the more loose-structured conglomerate^ 
and shales, which disintegrate readily and produce a fair depth of porous soil, 
in that the tree regenerates as a rule more rreely on the latter. 

Hardwickia binata thrives in a dry climate characterized by a long period 
of drought, scanty to moderate rainfall, and intense heat during the hot 
season. In the oold season frosts occm* only in certain portions of its area 
of distribution, particularly in low-lying places ; these frosts are as a rule 
slight. It may be said that within its natural habitat the absolute maximum 
shade temperature varies from 110° to 117° F., and the absolute minimum 
from 34° to 50° F., while the normal rainfall varies from 10 to 60 in. ; it 
appears to thrivc best with a rainfall of 20 to 40 in. 

LEAP-SHnDOTNG, ifLOWBRiNG, anb prtjiting. The tree is leahess or nearly 
so for a short time towards the end of the cold season, the new leaves, which 
aro tinged with red, appearing in April ; in the hot weather the trees are in 
leaf, and their feathery foliage is conspicuous when most other species are 
lealless. Mr. Witt x draws attention to their habit of shedding branchlets : 
' Towards the end of the season of growth, about March, a portion of the 
year's growth is shed, mucli in the same way as leaves are shed. . . . In April 
and May the ground under Anjan trees will be found to be littered with small 
twigs and branchea, which at tirst sight appear to have been broken off, but 

1 loc cit., p. 101. 
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a closer inspeetion shows that they have literally been shed like leaves.' This 
characteristic, which is also seen in Tamarix ariiculata, Phyllanthus Emblica, 
and Gasuarina equisetij'olia, is obviously a xerophytic adaptation, and the 
probable explanation of the phenomenon is that the tree endeavours to protect 
itself from the rigours of the dry season by shedding the less completely 
lignined and therefore more sensitive portions of its branch-system. 

The small pale yellowish green ilowers, in axillary and terminal lax 
panicled racemes, appear from July to September, and the pods dcwelop 
rapidly, reaching full size early in the cold season and ripening the following 
April or May. The pod (Eig. 141, a) is flat and samaroid, 2-3 in. by 0-4-0'6 in., 
oblong lanceolate, coriaceous, narrowed at both ends, with parallel longitudinal 
veins, coutaining one seed near the apex. The pod dehisces at the apex after 
it reaches the ground, when germination takes place. The light winged pods 
commence falling early in May and are often carried to some distance from 
the parent tree by the strong winds which are prevalent at that season : in 
full seed-years the ground to the leeward of the seed-bearers is often thickly 
strewn with pods. 

The seed is exaIbuminous, flat, averaging 0-8 by 0-3 in., sub-reniform, 
pointed at one encl and rounded at the other, with a fairly hard testa. Eresh 
ripe seed has a high percentage of fertility, and germinates readily with 
moderate moisture. It is sometimes said that the seed will not retain its 
vitality for a year, but instances are recorded in which it has remamecl fertile 
to some extent for one or even two years. Thtis, ' Yepi seed kept over from 
1908 was tried in .1.909 with some succcss', but only 20 per cent. germinatcd. 1 
Again, Shyam Suncler Lal, Assistant Conseiwator of Eorests, Indoro state, 
writes : a ' Wc have sown one-year-old seed in the arboricultural nursery, 
which germinatocl fairiy well, and the young plants were later transplanted 
to roadsicles in Indore and are quite healtby.' Einally, in patch sowings carried 
ont in 1912-13 in tlie Saugor division, Central Provinces, seed two years olcl 
ancl not vcry good germinated satistactorily in 338 patches out of 1,200." 

The trec seeds sporadically to somo extent every year, but gregarious 
seeding takes place on an average every three to five years accoi'ding to 
locality. Tlic local oxtent as wcll as the periodicity of general seedings varies, 
and a good secd-year in ohe locality need not uecessarily bc a good one in 
anothei'. Wiien a general seecling takes place the crop of seed is ofteu proliise, 
the trees being ladcn with pods. The precise cause of gregarious sceding of 
this kind is not eutirely clear, bnt there is a presumption, borne out to some 
extent by meteprological statistics, that it is iuduced by a season of drought 
Ihe year before thc seeding. The iollowing records of seed-years are available : 
Nimar, 1874, 1879, 1884, 1889, 1893, 1899, 1905, 1911 ; Kurnool, 1902, 1905, 
.1.908, 1912; Khandesh, 1908, 1911. 

Gurmination (Eig. 141, 6 — f/). Epigeous. The apex of the pocl dehisces 
slightly and the radicle emerges, developing rapiclly into a taproot. The 
cotyledons expand and turn green, extricating themselves from the testa and 
the pod ; tlicy remain only just above ground-level. The pod and the tcsta arc 
left on the ground. 

1 Worldng Plan for tho Yerramalais, W. KurnooJ, 19.1.'!. 

2 Ind. Forester, xxxvii (1911), p. 65. 3 Forest Administration Koport, .1912-13. 
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Fig. 141. Hardwickia hinata — Skkdling x -\ 

a — Frnit b - g -Ciermination sta«es h , i- Development of seedling during iirst season 

(Note. On poor dry soil the taproot may attain a considerably greater length.) 
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Thb seedling (Fig. 141), 

Boots ; primary root long, thin, terete, tapering, wiry : lateral roots 
moderate in number, short to moderately long, thin, fibrous, distributed down 
main root. Hypocotyl distinct irom the root, 0-2-0-3 in. loug, thick, Aeshy, 
tapering downwards, glabrous, subterranean or at ground-level. Gotyleclons 
on short thick petioles less than 0-1 in. long : lamina 1-1-1-5 in. by 0-5-0-9 in„ 
tbin, somewhat neshy, elliptical oblong~or obovate, apex hroad rounded 
truncate or retuse, base sagittate, entire, glabrous, yellow turning green, 
surface irregularly depressed. Stem erect, terete, zigzag at the nodes, slender, 
wiry, glabrous, green, young parts red ; internodes 0-2-0-7 iri. long. Lmves 
alternate, bifoliate, at nrst small, the size increasing with successive leaves. 
Stipules up to 0-25 in. long, ovate faloate, apex acute acuminate or rounded, 
pale green turning brown." Gommon petiole 0-2-0-6 in. long, terete, wiry, 
glabrous, green, that of young leaves red. LeaAets sub-sessile, 0-5-2-5 in. by 
0-3-1-5 in., obliquely ovate or obscurely trapezoidal, apex rounded, base 
obtuse, entire, coriaceous, glabrous, darker above than below, young leaves 
recl, arcuately 4- or 5-veined from the base. 

•Mr. Witt x has recorded the results of observations on the development 
of natural seedlings on a plot of ground at Khandwa in Nimar, where the 
normal rainfall is 30 in., and the seedlings grew on dry sandy soil 6 to 18 in. 
deep overlying hard murram soon passing into solid trap rock. These observa- 
tions show that the seedlings, like those of the sal and of certain other species 
in dry localities, die back annually for a series of years, the taproot gradually 
developing until it reaches the moist layers of the suhsoil aiid establishes itself 
sufficiently to produce a permanent vigorous shoot which does not die back. 
These observations indicate tlie following to be the stages of development of 
a normal seedling in its natural habitat : 

Mrst season. After germination, which takes place with the first heavy 
downpour of the monsoon proper towards the end of June, the taproot develops 
rapidly, attaining a length of about 5 to 6 in. within a week, the stem havmg 
two leaves almost fully f ormed. One month from germination the taproots 
of seven seedlings were dug up and iound to vary from 8-38 to 16-1 in. in 
length : an eighth seedling had a damaged taproot 6-5 in. long. A typical 
seedling had four leaves fully developed and a fifth commencing to appear. 
There is little or no development above ground after August, the normal 
seedling by the end of the first season attaining a height of 5 to 6 in. with 
about nine leaves, while the taproot ordinarily reaches a length of 12-20 in., 
or even as much as 3 ft. or more if the depth of the soil permits. In this 
connexion ' Old Ranger ' 2 writes : ' I have found young seedlings, of 6-9 
months growth and bnly 3-4 in. high, the possessors of taproots 22-28 in. 
long (actual measurements), the almost complete absence of side shoots being 
very noticeable.' 

The taproot shows wonderful power of penetrating hard ground and 
pieroing what appears to be almost solid rock ; on shallow soil it twists and 
turns in search of tlssures. By the middle of October the seedlings commence 
to die baok, and lby the middle of March, or Eebruary in dry seasons, not 
a single green seedling is to be found, the stems all having died back partially 
or completely though the taproots remain alive. 

Second season. With the following rainy season the seedlings come into 
1 loc, cit., pp. 89-100. 2 Ind. Porester, xxxi (1905), p, 698. 
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life again, sending up new shoots from dormant buds at the points marking 
the axils of the cotyledons or Irom buds 011 the main stem if the latter has 
not been completely killed. The second year's shoot is even smaller or more 
weakly than that of the first year, the plant's energies being concentrated on 
developing its root-system. On shallow soil the taproot does not develop 
greatly in length, but thickens somewhat, and there is a marked diminution 
in the number of lateral roots. Dying back occurs again at the end of the 
second season. 

Third and subsequent seasons. In the third season a new shoot is produced 
irom the root-collum, neitlier larger nor more vigorous than that of the second 
scason. Meanwhile the taproot develops slowly in length and thickens eon- 
siderably. The annual dying back of the stem and gradual development of 
the taproot continues year after year f or an unknown period, which Mr. Witt 
estimates at not less than ten years, the portion above ground gradually 
developing into a many-branched bush 12-18 in. high. A marked change 
then takes place ". dying back ceases, and a leading shoot forms and grows 
up at the rate of about 1 ft. or more annually. By this time the seedling 
may be said to have reached the sapling stage, and the taproot has now 
become much thickened, with a length up to about 8 ft. ; the length varyiug 
with the depth of the soil ; in shallow rocky soil the taproot is much twisted. 
At the conimencement of the sapling stage a natural plant, especially in areas 
subject to graaing, usually consists of a bushy and many-branched base, from 
the eentre of whieh rises the leading shoot. As the sapling increases in height 
the bushy growth at its base gradually dies off, and by the time the plant 
is 10 ft. high it has disappeared altogether. Each year's growth in the sapling 
is marked by sliglitly raised annular marks. These are due to the fact, already 
noted, that a portion of eaeh year's shoot is shed at the end of each season ; 
a scar is tlius iorinod, on the sui'face oi which develops a bud which produces 
the following year's shoot. The annular marks represent the scars formed in 
this way. 

The plienomerion of dying back on the part of natural seedlings has been 
recorded by prcvious obseiwers in other localities. Thus Mr. E. D. M. Hooper, 
writing iu 1903, luentions its habitual occurrence in the dry districts of Madras 
where the trce grows, and attributes it partly to iire and partly to the excessive 
heat of the dry season, and he mentions also the bushy form of growth which 
tliis dying back produces until a dennite lcading shoot is lornied. 1 Mr. L. S. 
Osmaston a estimates the period of dying back at four to seven years in West 
Khandesh. 

Tlie phenouieiion of dying back, however, is not necessarily universal, 
for uiider favourable couditions the seedling may shoot up without any check. 
Thus Mr. Hooper observes that occasionally under favourable circumstances 
a patch of 'young seedlings from its earliest liie grows without hmdrance, and 
notes having seen a plant grown on prepared aoil at Nagimr on a trap ridge 
which in one season was over 5 ft. in height. Again, in patch sowings ol: 191 1. 
in the Saugor district, Central Provinees, some of the seedlings are reportetL 
to have reaohed a height of 3 ft. in three years. Nursery plants at Dehra 
Dun, kept weeded and watered, reached a height of 6 to 14 in. by t-he eiid of 

1 liid. Forestor, xxxi (1905), p. 104. 2 Ibid., xxxv (1909), p. 381. 
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the first season and a maximum height of 2 ft. 6 in. by the end of the second 
season, no dying baek having taken place. It follows, therefore, that the 
habit of dying back is not innate in the species, any more than it is in the sal, 
teak, and many other species which die back under conditions suffieiently f ar 
removed from the optimum. 

In other respects also it will be interesting to compare the habits and 
requirements of the seedling in its natural habitat, as observed by Mr. Witt 
in Mmar, with those which have been observed in twenty-one experimental 
plots at Dehra Dun, where, however, the climatic conditions are very different 
from those prevailing in the natural habitat of the tree, the normal rainfall 
being 85 in. and frost being at times severe. It goes without saying that for 
practical purposes a study of the habits and requirements of the seedling in 
its natural home is of infinitely greater importance than if these are observed 
under very different conditions, but the results obtained in the latter case are 
certainly interesting, for though in some respects they differ from Mr. Witt's 
observations, as might be expected, in others they corroborate them: The 
conclusions regarding the habits and Tecjuirements of the seedling, based on 
observations made under various conditions, may be smnmarized as follows : 

Boot-system. The development of the taproot under natural conditions 
has already been described. At Dehra Dun the root-system showed a tendency 
to strong development, even where regular watering was carried out ; this 
development extended to the lateral roots and was not contined to the taproot 
as in the case of natural seedlings. By the middle of t.he second season nursery 
plants had taproots up to 2 ft. 6 in. in length and 0-7 in. in diameter, with 
lateral roots up to 1 it. 7 in. in length. 

Drought. In the natural habitat of the species the seedlings are very 
sensitive to drought, as has already been explained in describing the pheno- 
menon of dying back. This fact has been corroborated again and again by 
different observers, and it may be said without question that the great mortality 
noticeable among the numerous seedlings which appear aiter a good seed-year 
is due to drought, the excessive heat combined with desiccating winds pro- 
ducing a degree of transpiration whioh the root-system in the parched soil 
cannpt make good. Even at Dehra Dun many seedlings were found to clie 
down partially or wholly in sunny situations from April onwards. 

Frost. In the natural habitat of the tree Irosts are not severe enough 
to do the seedlings any harm, and Mr. Witt notes that he has never observed 
a single case of a seedling having been damaged in .the slightest degree by 
this agency. At Dehra Dun the frost was found to be severe enough to kill 
back seedlings of the first year either partially or down to ground-level ; they 
had good power of recovery, however, and hwariably produced new shoots. 
From the second year onwards they proved to be immune froin injury by 
ordinary frosts. 

Sliape and development. The shape and development of the seedling under 
natural conditions has already been described. At Dehra Dun some of the 
seedlings commenced branching in the tirst year, while those which had been 
aft'ected by frost or drought assumed a bushy growth in the second season, 
with long and rather straggling branches. Growth continued until December, 
all the leaves had dropped by the end of February, and the new shoots appeared 



348 XXIII. LEGUMINOSAE 

in March. The young leaves were reddish in sunny situations, and usually 
green in shady situations. 

Damp. At Dehra Dun seedlings proved to be very sensitiye to damp, 
numbors rotting off during the first season even in open nursery beds where 
watering was done too ireely ; in the shade hardly a single seedling survived 
the damp of the rainy season. This corroborates the statement of ' Old 
Ranger V who writes : ' So sensitive are the very young seedlings to excessive 
moisture that, if seed be sown in a pot eontaining leaf mould or rich soil, and 
this be allowed to get a little too damp, the thick neshy eotyledons of tho young 
seedlings are immcdiately attacked by rot, which extends downwards to the 
roots, and a whole pot of youiig seedlings may thus be destroyed in a single 
night,' 

I$jfect of grass and iceeds. Various opinions have been recorded from time 
to time as to the ettect of a soil-covering of grass on the dcvelopmcnt of the 
scedling. According to one theory, the extensive mortality among natural 
seedlings is due to the inability of thc taproots to penetratc the mattecl roots 
of the grass. This explanatiou can hardly be accepted imiversally, as the 
degree of obstruction eaused by the grass roots must vary, while the roots 
of Hanlwicbia seediings have considerablo power of penetrating obstructions. 
The effect of a matted growth of grass roots in preventing soil-aeration, how- 
ever, may be of importanee, and will be considcred below under ' natural 
reproduetion '. There is little roason to doubt that the development of the 
seedlings may be hiiiclorccl or even entirely prcweiited from this cause, but on 
the othcr hancl Mr. Witt - has provcd by means of cxperiineiital plots that 
the veiy existence of the seedlings in theh' natural habitat may depencl largely 
on the protcction from tlio heat of tJio sun whieh is alTordcd them by a soil- 
oovering of grass. His conclusions are suuunari'/ed as follows : 

(1) Grass, as sucli, does not liiuder germi nation ; (2) seecllings inay fail 
to survive ou soil quifce free ol: grass-t ; (!5) the taproot is quite oapable of 
ponetrating through any obstruetion of grass roots ; (4) thc lirst season 
of growtli is the cruoial. one in tlie life-history of the seecUing, the uiortality 
bei.ng theu ,lieaviest ; (5) seecUings on soii clothed with grass retain their 
leaves for a lcmger period tlian those on soil uot so clothed ; (C) the slioots 
of scecUings protocted by a l<mg growth of grass do noi: dry up so early as 
tlioso from around wliieh (tlioiigh on precisely shnilar soil) the protecting 
grass covoriiig has l>een cut, away ; (7) seedlings up to an age of 8£ years are 
not smotherod and killod by a denso growth of grass weighing down on them ; 
(8) tho remcwal of a oovering of grass, 1'roin seedlings which have developed 
under its protection, inay be distinctly hariniul. 

In tho damper elimate of Delira Dun, on richer soii with a niore luxiiriant 
covering of grass and weeds, expcrimental plots demonstrated that such 
a soil-covering not only luis a vcry deleterious cffect on the <levelopinont of 
the scedling, but is the cause of much mortality through suppression and 
thrdngh tho damping off of the seedhngs in the rains. These plots also showed 
elearly that regular weeding has a most boueiicial effect on the dcwelopinent 
and survival of seedlings provided the weeding is carried out froin the com- 
moncement ; on the other hand, the sudden removal of grass and weecls from 
1 ' Ind. iPorestoi', xxxi (1905), p. 697. " loc. eiL, ]>y. 121-0. 
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around seedlings which have grown under thein is very liable to cause the 
death of the seedlings through desiccation. 

The following particulars of seedlings grown under different conditions in 
experimental plots at Dehra Dun demonstrate clearly the benehcial effects of 
regular weeding : 



Harclwickia binata 



measurements of seedlings in experimental plots, 
Dehra Dun. 



No. 


Condition under 
which grown. 


Height of seedlings at end of 
season. 

lst season. 2ud aoason. 


Remarks. 


1 

6 


In nursery beds, 

watered and woeded 


ft. G in.- 
1 ft. 2 iu. 


Maximum 
2 ft. 6 in. 




2 


Broadoast sowing, 
irrigated, weeded 


Maximum 
ft. 10 iu. 1 


ft. H in.- 
2 ft. 4 in. 2 


1 42 survivors, vigorous. 

2 36 surv.ivors, vigorous. 


3 


Broadcast sowing, 
irrigated, unweeded 


Maximmu 
ft. 4 in. a 


ft. 3 in. and 
f t. 4 in. d 


a 8 aurvivors. 

4 2 survivors ; rest killed by 

suppression of grass and weeds 

1J ft. high. 


4 


Broadcast aowing, un- 
irrigated, weeded. 


— 


ft. 7 iu.-' 
2 ft. m. s 


5 20 survivors, vigorous. 


(5 


Broadcast sowing, un- 
irrigated, unweeded 


— 


0ft. 3in.-. 
ft. 4 in.° 


G 4 sui;vivora in poor eondition ; 
rest killed by suppression of 
grass (uid weeds. 



The observations recorded in Nimar and at Dehra Dun lead to the general 
conclusion that if moiature conditions are such as to prevent mortality by 
drought, freedom from grass and weeds, with the attendant loosening of the 
soil during weeding, is of great benetTt as regards the development and siu'vival 
of the seedling ; but where, as is probably the case in most if not all parts 
of the natural region of the tree, such moisture conditions do not exist, a soil- 
covering of grass is of benent and may be essential for the survival of tbe 
seedling, in that it protects it from desiccation. In the latter case, however, 
it may be presumed, on general principles as well as from the results of the 
Dehra Dun experirnents and of sowings in the Central Provinces and Berar, 
that the soil-covering of grass must have an adverse effect on the clevelopment 
of the seedling, and that on soil which is loosened and thus aerated better 
development may be expected, provided the seedling and the soil can be 
afforded protection by trees, bushes, or otherwise, from the desiccating effects 
of the sun and dry winds. This question closely concerns the natural repro- 
duotion 61 the species, and will be further alluded to below. 

Silvioultural OHAEACTEBS. The physical conditions under which Harcl- 
wichia binata grows in its natural habitat have been dealt with in some detail 
under distribution and habitat. It may be said in general that the tree thrives 
in a dry climate and is capable of establishing itself and growing on dry shallow 
soil and rocky ground where most other species would succumb. This is due 
partly to the great development of the taproot during youth and its power 
of penetrating liard soil aud nssures in solicl rock, the stem iisually dying back 
annually during the development of the taproot, and partly to the fact that 
the tree stands mutilation better than the majority of species. These faots 
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no doubt account in large measure f or its gregariousness uncler adverse physical 
conditions and its survival in spite of continuous maltreatment. The best 
development is secured as a rule on geological formations such as sandstone, 
gneiss, conglomerate, &c, which disintegrate into a porous sancly loam, rather 
than on the stiff and usually shallow soil oveiiying trap ; on the latter forma- 
tion, however, although development is poorer than on the former, gregarious- 
ness is more pronounced. 

The great clevelopment of the taproot is maintainecl throughout the liie 
of the tree, as may be observed where the root-system is exposed by scouring 
along the high banks of streams or the sides of ravines. On shallow soil with 
compact unclerlying rock the taproot may assume a gnarled and twisted form, 
running for some distance horizontally not far below the surface ; in such 
cases the trees are liable to be blown over in high winds. 

The tree is capable of standing a certain amount of shade in youth, and 
even requires shelter in its young stages ; later it may be classed as a moclerate 
light-demander or partial shade-bearer, though Mr. Witt states : x ' Even the 
moderate shade afforded by a mature tree of Boswellia serrata is too dense 
for an Anjan sapling to penetrate through, if once dominated. The Very 
flexible yielding shoot of an Anjan sapling may also account to some extent 
for its inability to pierce overheacl cover.' Mr. L. S. Osmaston 2 classes tbe 
tree as a partial shade-bearer. 

In its natural habitat it is frost-hardy in all stages, being quite unarlected 
by all ordinary frosts. Except in the seedling stage it is capable of standing 
great heat and drought. ' This ', says Mr. Witt/' ' was very noticeable in 
Nioiar during the droughts of 1901 and 1904. Whereas tollowing tliese droughts 
such species as Tectona grandis, Terminalia tomentosa, Lagerstroemia parviflora, 
Mangijera indica, and Buchana.nia latijolia suffercd severely all over the 
division, not only coppice being ahected but also mature trees, in the case 
of Anjan no damage whatever was done, even on the driest soils.' The young 
shoots are sensitive to fire, but the power of recovery is good ; ordinarily, 
seedlings when burnt back send up new shoots from the root-collum, but in 
severe rlres they may be killed outright. Young plants and coppice-shoots 
suffer mueh from grazing, the leaves being browsed by deer as well as by 
cattle and goats ; buff'aioes especially arc partial to them. A grazing ineiclence 
wliich harclly atrects a teak forest will prevent young Hardwickia plants from 
making any headway. In heavily grazed areas the plants assume a charac- 
teristic bushy form (sce Pig. 139). 

The tree pollards well even up to a comparatively advanced age, and 
okl pollards when re-pollarded almost iiwariably produce abunclant new 
shoots : indeed, a special feature of the existing Hardwickia forests is the 
large number of pollarded trees, the result of lopping for fodder and manure 
(see Pig. 140). On the other hand, the tree coppices indilTerently. Old trees 
which send out vigorous pollard-shoots if cut a few feet above the ground 
produce no coppice-shoots if cut tlush with the grouncl : old pollards wlien 
felled at ground-level never coppice. In some localities a moderate amount 
of success has been attained by felling at 12 to 18 in. from ground-level . 

1 loc. cit., p. 85. ^ Tnd. Forester, xxxv (1909), p. 380. 3 loc. cil., p. 81, 
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Shyam Sunder Lal, 1 writing of- coppice coupes in Indore state, notes that stumps 
of trees felled about 1 ft. from ground-level delayed sending out shoots for 
several months, a second inspection revealing a larger percentage o^ success 
than one made shortly aiter the felling. . " 

As regards actual statistics, experiments in North Khandesh in 1903 
showed that 47 per cent. of felled trees yielded coppice-shoots, the number 
being two to six shoots per stool and the average height in the first season 
being 4 ft. The most complete statistics so far recorded, however, are those 
published by Mr. L. S. Osmaston 2 giving measurements of 877 stumps in 
fourteen coupes in West Khandesh. The measurements included stumps of 
varying dimensions from under 2 ft. to over 6 ft. in girth, and of varying 
heights from under 2 in. to over 12 in. from ground-level : they also embraced 
coupes felled in years of dehcient as well as of ample rainfall. 

These measurements gave the following results, which are somewhat 
surprising : 

(1) The height of the stump had no relation to its vitality : actually the 
percentage of live stumps of each girth class varied from 39 to 50 and 
averaged 47. 

(2) Similarly the girth of the stump liad no relation to its vitality : the 
percentage of live stumps of each girth class varied from 41 to 49 and 
averaged 47. 

(3) The raintall had no effect on the vitality of the stump, the percentage 
of live stumps being 53 in the case of years of most dericient raintall and 54 in 
the case of years of most ample raintall. 

These results conrlrm the opinion generally held that coppice reproduction 
cannot be relied on to a suffieient extent. 

Mr. H. W. Starte has recorded the result of an experiment in coppicing 
10 acres of pure Hardwickia forest in North Khandesh. Out of 886 stumps 
varying in girth from 12 to 70 in., cut rlush with the ground, the number 
wliich failed to coppice was 201, or 22-4 per cent. ; there was no relation 
between girth and coppicing power. 

The tree reproduces from root-suckers. 

Natural reprodttction. As already mentioned, the light winged pods 
ripen in April and May and fall in the latter month, being often carried to 
some distance from the trees ; in good seed-years they are plentifuDy scattered 
over the ground. Germination takes place soon after, with the tirst heavy 
downpour of the monsoon, and seedlings may be found in quantity druing 
the rainy season. From October onwards, however, the seedlings die off in 
large numbers, this mortality being due to drought : under favourable con- 
ditions it may consist of dying back with subsequent recovery, but where the 
seedlings have not had the advantage of protection from the hot sun they may 
be permanently killed off in large quantities and the seed-crop may result in 
complete f ailure. Assuming, however, that a certain number survive, their 
establishment and f urther progress until they reach the sapling stage is a matter 
of time owing to the annual process of dying back described above. A good 
deal of evidence is available regarding the factors which assist or retard natural 

1 Ind. JWeater, xxxvii (1911), p. 63. a Ibid., xxxvi (1910), p. 356. 
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reproduction, but in some respects this evidence is very conrlicting, and it will 
be well therefore to examine it under the tollowing heads : 

(1) Effect of grass and weeds; (2) Eire and grazing; (3) Soil conditions; 
(4) Protective shade; (5) Olimatic factors. 

1 . The ejfect of grass and weeds on the development of the seedling has 
already been discussed at some length, and it. may be concluded that whereas 
in dry regions a soil-covering of grass assists materially in and may be essential 
for the establishment of natural reproduction, on the other hand where the 
grass is too luxuriant it may cause the death of the seedlings through suppres- 
sion or through rotting off. The benehcial effects of a covering of grass in 
dry localities have bcen proved conolusively by Mr. Witt's experiments in 
Nimar, while Mr. L. S. Osmaston x says of seedlings in Khandesh that they 
do not mind grass even if it be 2 or 3 ft. high. Again, in Anantapur natural 
reproduction is reported to be good in open grassy areas. 2 Mr. H. F. Arbuthuot, 3 
writing of the Malahanagadi block, Bellary, says : ' This block is an interesting 
one, as it has been uncler special protection from grazing, cutting, and iires 
for the last twenty-five years. The result has been that most of the area, 
which was then presumably blank, has been stocked with Hardiuickia Unata, 
which is the principal species of the block.' Other instances might be ciuotecl 
of the beneheial effects of a protective soil-covering of grass, but these will 
&uffice. 

On the other hand, there is much evidence regarding the adverse elfects 
of such a soil-covering. Thus Mr. J, Dodgson * writes : ' On account of the 
seed of the Anjan being so liglit it has great dimculty in reaching the soil 
through the matted growth of grass, &c, and in this way much of the seed- 
crop is wasted.' This aceords entirely with my own observations iu the case 
of other winged fruits {e.g. Pterocarpus spp.). As regards the suppression of 
those seedlings which do succeed in passing the germinating stage, Mr. 8. 
Srinivasulu Naiclu 5 remarks that the heavy grass undergrowth which is 
common on the trap areas in Buldana probably accounts for the tailure of 
seedlings to establish themselves owing to the smothering action of this growth. 
A very clefinite opinion on this point is expressed in the Mlowing extract 
from a report by Mr. L. K. Martin, quoted in the Berar Forest Report for 
1903-4 : « 

' The Anjan seectecl very tairly protusely in the spring of 1902, and the 
seecl germmated freely during the lollowing monsoon aloug the Ajanta Hills, 
especiaily m the Geru-M.atargaon Tlange around Botha ancl Matargaon. A 
very nottceahle teature was the' complete absence of seedlings from the midst 
ot dense grass, that is, f TO m areas entirely closed to graziug. They appearod 
wherever the grass was light, aud inereased in nunibers with decrease in density 

° c 6 rr g u' aSS i' til1 ° Ver ai;eas free °* § rasa the seec lluigs were quite dense. 

lhe above was most noticeable rouncl Matargabn. There in one and the 
same i»ine the climatie factors are presumably everywhere identical, and 
tlie tertility of the soil can harclly vary niuch over localities only a mile apart 

1 Ind. Porester, xxxv (1909), p. 380. a Madl . aB lforeBt ^ e])0vti> I9 13 _u. 

J Ind. ]?orester, xxx (1904), p. 123. 

* Workiug Plan for the Anjan and Serub Junglos of tho Malegaon, Baglan, Kalvan, iuul 
Chandwad Ranges o£ the Nasik DiBtrlot, Bombay, 1900. 

5 Working Plan of the Bulda.na Porest Dhdsion, Berar. 

c Cf. Ind. Porester, xxxi (1905), p. 105. 
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(at any rate they appear to me to be similar). In the portions of tlie reserve 
closed to grazing, and consequently covered with a dense crop of grass, anjan 
seedlings were completely absent, escept just along roadsides, whereas in 
Survey Numbers 1, 2, 3, and 6 of Chinchkher, which were open to heavy 
grazing and, being situated close to a jmblic road, were much resorted to by 
cattle and as a result absolutely clean grazed, thousands of seedlings have 
sprung up and stand out uninjured and perfectly healthy, The above appears 
to prove conclusively that a dense growth of grass is inimical to tJie successful 
reproduction of anjan. The seedlings observed in those Survey Numbers 
have survived the past two hot weathers and escaped injury from cattle during 
the same period, when in the absence of otlier fodder cattle might have been 
espected to browse them off ; grazing throughout the year must obviously be 
looked upon as a distinct advantage, in fact a real necessity.' 

In addition the Dehra Dun experiments described under ' the seedling ' 
above afford conclusive proof that where the rankness of the grass is sumcient 
heavy mortality may be caused through the damping off of seecllings during 
the rains : it should be remembered, however, that these possibly represent 
an extreme case of moisture seldom, if ever, met with in the natural habitat 
of the tree. 

So far as the evidence goes, it may thus be concluded that whereas 
a soil-covering of grass as a protection against the heat of the sun may be au 
hwaluable factor in the establishment of natural reproduction, under certain 
conditions it may become noxious, preventing the germination of seed ancl 
the establishment of seedlings owing to its rank growth ; the precise con-* 
clitions under which its iunuence is benencial or the reverse have not yet 
been determinecl. 

2. Fire and grasing. The direct eiJeets of fire and grazing are, with good 
reason, generally held to be highly prejudicial to natural reproductiou, for 
although the power of recovery of the seedling from injury from these causes 
is higher than that of many other speoies, great damage is suffered in unpro- 
tected areas, and reproduction is much retarded. Much evidence has been 
recorded in proof of this, and it will sumce to quote only a few instances. 
Mr. G. S. Hart x notes regarding Nimar : ' At present the number of Anjan 
seed-bearers in these forests is often small, but the natural regeneration of 
this species in all closed areas is excellent and is not conhned, as in the Buldana 
clistrict, to small seedlings, the majority of which caimot be considered as 
established.' Of the same forests Mr. C. F. Bell 2 writes : ' The hot weather 
kills out a large percentage of seedlings and over-grazing in the open coupes 
and grazing blocks completes the destruction. In coupes worked over and 
then closed to grazing for ten years, however, a fair number of seedlings have 
established themselves, and the future prospects of the crop are promising,' 
Again, Talbot 3 states : ' Owing to sheep and cattle grazing, reproduction by 
seedlings over large areas in Khandesh ancl Nasik is much impeded. Multi- 
plication of the species by root-suckers is, however, general and there appears 
Jittle danger of the valuable Anjan disappearing from any of the areas of its 
clistribution.' Finally, Mr. J. Tapp 4 writes regarding West Kurnool : ' Natural 

1 Inspootion Note on the Nimar !Forest Division, 1911. 

2 Working Plan for the Eeacryed Torests of the Nimar District, Central Pro-yincss, 1913. 

3 Porest Piora of the Bombay Presideney and Sind, i. 457. 

4 Working Pian for tho Yerramakis, West Kurnool, 1913. 
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reproduction has hitherto been very poor, but since lopping of Yepi trees for 
nbre has been put a stop to and hre protection introduced natural seedlings 
of Yepi are beginning to come up in many of the reserves.' 

On the other hand, instances may be quoted where fire and grazing have 
not had the adverse etTects which they might be expected to have. Mr. Martin's 
report, just quoted in connexion with the effects of grass, would indicate that 
where there ais a sumcient supply of palatable grass the seedlings may escape 
injury, and even beneht by the partial removal of the grassy covering ; without 
f urther evidence of a similar nature, however, it would be unsafe to generaliae 
on the results of this particular case. The same may be said of the results 
attained by Mr. H. L. Newman in experimental plots in East Khandesh in 
1908, though these results, which are quoted in the Bombay Eorest Report 
for 1908-9, are interesting so far as they go. The object of thesc experiments 
was to ascertain the percentage of mortality among natural seedlings in 
thirty-one diirerent patehes. Several of thcse patches were accidentally bnrnt 
and others were purposely burnt in the dry season Mlowing the seeding ; the 
results showed a larger percentage of survivals iu the burnt than in the unburnt 
plots. Protection from hre and grazing may have an adverse crTect under 
certain conditions in inducing a rank growtli of grass. 

3. Soil conditions. Under natural conditions the degree of soil moisture 
necessary for the normal development of the sapling is not ordinarily attained 
siiutil the taproot has penetrated some distance into the subsoil, and. hence 
the annual dying back of the stem, which has already been clescribed. It is 
generally agreed that the shallower tho soil and the harder and more imperme- 
able the subsoii the more dimeult it is for the seedling to establish itself, tho 
progress of the taproot being slower and the period during which the plant 
is exposed to the risks of desiccation being longer. Conversely, it niight be 
expected that anything which will tcrid to increase the porosity of the soil 
or prevent desiccation will materially assist in the establishment of the seedling ; 
and there is ample evidence to prove that this is the case. To begin with, 
thc Dehra Dun experiments desoribed above clearly demonstrate the benelicial 
etlect of regular weeding in stimulating the development of the seedling, this 
sthnulus being due, in the oarlier stages at all events, at least as much to the 
loosening of the soil as to the actual removal of weeds. Soil-aeration of this 
kind is now an accepted factor in the case of plant growth, not only providing 
a supply of air to the roots, but also furnishing an air-cuslhon which co/iserves 
the soil-moisture and prevents dcsiccation. In the dry regions in which 
Harclwickia binata grows it is of special importance, and there is no lack of 
evidence to show that loosening the soil has assisted in establishing reproduc- 
tion. Thus the abundance of natural reproduction on abandoned cultivation 
has been commented on on more than one occasion, while there are numerous 
iustances of seedlings establishing themselves readily on hoed groimd on wlhcii 
seed has been sown. Mr. E. E. Fernandez has reoorded some interesting 
observations bearing on this subject in an article entitled The, Treatment of 
Hardwckia binata} from which the f ollowing quotations, relating to the Nimar 
district, are takeu : ' Up to the reservation of Punasa . . . every attempt . . . 
had been made to get rid of the forest and replace it by fielcl crops, but the 
1 Ind. ^oroster, xxix (1903), p. 517. 
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f orest reappeared almost as f ast as it was destroyecl. . . . The ground was never 
completely cleared of forest ; numerous trees of seed-bearing age were left 
scattered all round and over the fields. The seed fell from these trees on tke 
newly broken land, now at last also freed to a great extent of grass, and 
the resulting seedlings came up under the most favourable condition for 
survival. The subsequent cultivation of the soil, limited to a mere seratohing 
of the soil, left an appreciable proportion of the seedlings uninjured to continue 
their development, and as the field was abandoned as soon as the soil showed 
the tirst signs of exhaustion, the young plants were left in complete possession 
of the ground. . . . During the seven years that I was able to continue my 
observations before I was transferred to the United Provinces the seedlings 
of pre-reservation days continued to strengthen themselves and develop, but 
no new contingent of seedlings survived to swell their numbers. . . . The 
seedlings are as usual produced in countless numbers after every periodic 
gregarious seeding, but, being unable to push their taproots down deep enough, 
they all perish in their very first year.' Again : ' There is no doubt whatsoever 
that the death of the seedlings is due to their inability to force their long 
slender taproot down deep enough through the matting of grass roots occupying 
the soil everywhere to a depth of 1-2 ft.' 

We have already seen that Mr. Witt's experiments appear to disprove tlie 
theory that the taproots of the seedlings are unable to force theh' way through 
the roots of the grass, and to show that the mortality among the seedlings is 
due to drought. At the same time, the obseiwations of Mr. Fernandez indicate 
that seedlings appearing on land which has been broken up for cultivation 
and subsequently ' scratched ' for a few years have succeeded in establishing 
themselves, whereas in the same locality seedlings appearing on land which 
has reverted to grass have failed to do so. This affords room for a strong 
presumption that success in the former case was due to soil-aeration, and that 
Mr. Pernandez was not very far wrong in attributing failure in the latter case 
to the grass roots, though the failure was probably due not so much to their 
direct obstructive action as to the introduction of an unfavourable factor 
possibly connected with dencient soil-aeration, caused, in part at least, by 
the binding action of the roots. 

To quote further examples of establishment of reproduction on broken 
soil, Shyam Sunder Lal 1 writes of conditions in Indore state : ' The natural 
seed regeneration in the seeding year (which is generally every tliird year) is 
so protuse, that many thousands of small seedlings per acre can be counted 
in the forests. A large proportion of these, however, die from several causes, 
but this kind of regeneration, on old sites of cultivation, has always been 
noticed to thrive extraordinarily, and it is an object lesson to be remembered 
that breaking up of land in the vicinity of anjan seed-bearers, either by means 
of ploughs or otherwise, helps the young seedlings considerably and gives 
much better results. . . . This has been tried in our forests with good results.' 

Mr. P. M. Lushington, 2 referring to a remarkable plot of natura.1 repro- 
duction in the Malappakonda reserve, Anantapur district, which is known to 
have come up within recent years near old seed-bearers on cultivated land 
acquired at settlement, remarks : ' A lesson can I think be learned from this 

1 Ind. Eorester, xxxvii (1911), p. 65. 2 Inspection Note, 1913. 
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area, tliat we caii aid the regeneration of this valuable species in placcs where 
there is a reasonable amount of soil by merely ploughing it up in the vicinity 
of esisting trees.' 

Mr. S. Srmivasuki Naidu 1 writes of experiments in Buldana : ' In tho 
Moegaon felling series of the Amdari Reserve the experiment consisted in 
closing the area to grazing and breaking up the soil for a radius of fifty feet 
round a number of marked seed-bearers in a forest which had been subjectecl 
to heavy grazing and in which natural regeneration was praotically absent at 
the time the experiments were started- The sample plots are situated close 
to the Buldana-Malkapur road and the grass in the locality is cut over once 
or twice in the year. Some of the sample plots have been specially kept clear 
of heavy grass by weeding, while others have been left without treatment, 
but in both cases the results are generally satisfactory and often excellent.' 

Mr. L. S. Osmaston 2 notes with regard to Khandesh : ' Although anjan 
often reproduces itself well by seed naturally, still such reproduction 
is considerably helped and better ensured by breaking up the soil under 
a seeding tree ; 011 such broken up soil the seedlings are not only moro 
mimerous but better grown, more vigorous and more likely to withstand the 
first hot weather than tliose 011 unbroken ground.' 

4. Protective shacle. The value of protective shade has already been 
indicated in connexion with the dying of seedlings through drought and the 
beneficial etlect of tlie protection attorded by grass in dry localities. We have, 
however, already seen that there is a strong presumption that in certain 
cases a growtli of grass may produce adverse soil couditions surncient to 
counterbalance the benencial effects of the grass, and it remains to be seen 
if any other form of protection is likely to secure the establishment of natural 
reproduction. As far as is known there are no records of definite experiinents 
to ascertain the effect of the protective shade of trees and bushes and how 
this shacle should be applied. There are, however, suggestions and observa- 
tions which may be cpuotecl. Thus, in 1903, Mr. T. B. Fry 3 suggested the open 
condition of the torests in Bombay as one possible cause of mortality aniong 
seecllings, and thought something might be gained by introducing nurses to 
protect the yonng plants from the nerce heat of the sun. Mr. Witt ,l states : 
' Erom observations made, we are strongly of opinion that shade as a protee- 
tion to seedlings during the first three or four years' growth, agaiust the heat 
and the clry wiuds of the hot season, is a sine qua non in the successtul regenera- 
tion of anjan forests.' And again : 5 ' The more the seedlings are exposed to 
the chrect rays of the sun and the scorching hot winds of the dry season tlie 
more will they transpire, and the more moisture wili they recpiire. Oon- 
secjuently, if in addition to the protecting growth of grass the seedlings also 
have overhead cover, we might expect it to act in a similar manner. And 
this is exactly what we have observed. Wherever the seedlings have been 
protected by a grOwth of grass and overhead shacle, they have survivecl in 
far greater numbers than those in free and exposed positions.' 

Mr. L. S. Osmaston 6 also records the following observations : ' Bushes 

1 Worldng Plan for the Buldana Porest Division. 

2 Ind. Poroster, xxxv (1909), p. 380. 3 Ihid., xxix (1903), p. 527. 

'' loc. cil., p. 85. 5 hc. cit., p. 126. Ind. Forester, xxxv (1909), p. 880. 
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of Gassia auriculata, Gytnnosporia montana, and Rhus parvifolia are of great 
use in regeneration : it is surprising how many healthy Hardwichia seedlings 
one finds right under the shade of such bushes : this is apparently due to the 
shelter afforded from the heat of the direct sun's rays and to the fact that 
under such bushes there is an accumulation of soil and humus ; also where 
cattle grazing is allowed such bushes protect the seedliugs from being eaten. 
I have not yet come to a conclusion as to whether such bushes should be cut 
level with the ground when the Hardwickia seedlings' in their shade have 
attained a certain age.' 

5. Climatic factors. We have already considered at some length the 
adverse erlects of drought on the development of the seedling and the establish- 
ment of natural reproduction. The factor of rainfall is one which seems to 
recpiire further study, and in this connexion the following cpiotation from the 
Yerramalais working plan x is of interest : 

' Most of the seedlings die out hi the prolongecl drought wliich follows 
the 1'ains and continues for about nine months. It is only when this drought 
is interrupted by rainfall that some of them survive. Therefore it is usual 
to come across a group of young seedlings in one place and a patch several 
years older at another. Eor successful regeneration rainfall should be regular 
or the seedling should be able to pass the strata affected by drought before 
it is killed.' 

The extent and distribution o;f the seasonal rainf all may very well be 
presumed to have an effect on the establishment of natural reproduction ; in 
the absence of direct evidence, however, it seems unsafe dehnitely to ascribe 
the establishment of reproduction in patches to favourable years of rainfall, 
though it is by no means an improbable explanation of the phenomenon. 

Oonclusions. TYom the details just given it may be concluded that, given 
the necessary seed-bearers, factors ordinarily benehcial to the establishment 
of natural reproduction are porosity and depth of soil, protection in early 
youth from the heat of the sun, protection from fire and grazing, and probably 
also favourable rainfall conditions. Adverse factors are stiffness and shallow- 
ness of soil, exposure of the seedlings to a hot sun, nre, grazing, and probably 
adverse rainfall conditions. Under certain conditions a soil-covering of grass 
niay be decidedly benencial in affording protection from the sun, while under 
other conditions it may, if suthciently rank, be a highly noxious factor in 
preventing the seed from reaching the ground and in suppressing seedlings or 
causing them to damp off. 

There may possibly be other factors affecting the question, but those 
under consideration give some indication of how natural reproduction may 
be induced, namely, by ploughing or hoeing up the ground to the leeward 
of seed-bearers in good seed-years and protecting the resulting seedlings from 
the heat of the sun. In Nimar, and no doubt in other localities, this protection 
can be secured, according to Mr. Witt's observations, by allowing the grass 
to grow up ; under some conditions, however, it may be necessary to keep 
the soil loose and to clear the grass. In either case the shade afforded by 
trees and bushes will be benericial and may eyen be essential. This last con- 
sideration gives a possible clue to the origin of some of the existing crops 
1 Working Plan for the Yerromalais, West Kurnool, J. Tapp, 1913. 
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of Hairdwickia in localities where natural reproduction does not appear now ; 
tliese crops may have come up under the shelter of previously existing trees. 
On the other hand, it is not improbable that some of them are the result of 
natural reproduction which appeared on land at one time under cultivation. 

Artiitcial kephodtjction. Hardwickia binaM has been propagated 
artincially to some extent both within and without its natural habitat, partly 
by direct sowing ancl partly by transplanting, though it is generally agreed 
that the f ormer is the more successf ul. Haines says it has been extensively 
planted in Nagpur, where it grows well on the trap hills ; also that it is best 
sown in situ, and remains very small for the nrst two or three years. It has 
been transplanted with success on the Talankheri (Seminary) hill, Nagpur, 
after pruning the stem and root. In Saugor patch sowings have been carried 
out with varying success ; in some cases the seedlings have attained a height 
of 3 ft. in three years. Mr. Eernandez x says it bears transplanting well, and 
recommends transplanting supertluous seedlings from patches from the third 
year onwards, younger plants not being robust euough. This does not agree 
with my experience at Dehra Dun, where direct sowings were found to be much 
more suecessful than transplanting, whether with pruned or intaot stem and 
roots. The dimculty of transplanting is corroborated by Mr. L. S. Osmaston,- 
who writes : ' It is hopeless to try and transplant the seedling, however young 
the seedling may be : artincial regeneration can thercfore only be successiul 
if sowing takes place where the tree is to be permanently. When sowing it 
is best not to cover the seed with soil at all, or at any rate to only partially 
cover it.' I have found it advantageous to cover the seed lightly, as this not 
only prevents it from being blown away but also protects the radiole froni the 
attacks of birds during germination. 

The experience of Shyam Sunder Lal regarding tranwplanting in Indorc 
is, on the other hand, favourable. He writes as Mlows : l! 

' As rcgards its suitability for transplanting, I can say with conridence 
that it transplants as well as any other tree. I have transplanted sevei'al 
hundrecl small seedlings to fill blanks in the forests and always witJi good 
results. In the year 1908 I sent more tlian a dozen trees, 9 ft. in height, from 
our forests to tlie Residency compound at Indore, and every oue of these 
plants is fully established., and out of the two 18-inch girth trees which I had 
sent to Indore from a distance of 20 miles, one died, the other is perfectly 
healthy. In the Rajputana-Malwa Railway Executive Engineer's compound 
at Mhow, several hundred seedlings were transplanted six or scven yea.rs bac.k, 
and these are at present 10 to 12 ft. high and look quite promising.' 

In the Yerrainalais working plan it is stated that broadcast sowing on 
ploughed land as well as dibbling have been tried without success, for although 
germination was good nearly all the seedlings were killecl off by drought. 
The system found most successtul is to sow in contour trenehes 6 ft. by 2 ft. 
by 1| ft., in which the soil at the bottom has been loosened, and on niomids 
of earth thrown up alongside. The seedlings in the trenches are shaded from 
Deeember or January until the following rainy season by laying sticks across 
the trenehes and covering them with a thick layer of grass weighted with stones, 

1 Ind. JWster, xxix (1903), p. 527. 2 Ibid., xxxv (1900), p. 380. 

3 ZJ?'tf.,xxxvii(1911), p. 64. 
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a length of 1 ft. being left uncovered at the end of each trench to admit light 
and air. 

Various methods 'of experimental sowing on trap formation in the dry 
climate of Nasik (rainfall about 24 in.) have been described by Mr. L. S. 
Osmaston. 1 Dibbling the pods proved a failure. Broadcast and line sowings 
without preparation of the ground, as well as sowing in pits, were only 
moderately successM. Momid sowings gave more success, especially in the 
case of fairly large mounds 2\ ft. high, and 2 ft. and 7 ft. in diameter at the 
top and base respectively, while broadcast sowings on ploughed ground were 
decidedly successful, particularly where tlie ploughing was f ollowed by harrow- 
ing to rernove the tufts of grass. The greatest success, however, was attained 
by means of line sowings in combination with the raising of agricultirral crops, 
a method which has generally been found to be the most successful in raising 
forest plantations in dry regions. These sowings are described in the Indian 
Forester, vol. xxxiii (1907), p. 266. The neld crops employed were sesamum, 
cotton, and the lesser hemp, the sowing being preterably carried out by lessees 
under a two years' lease. Two separate methods were tried as follows : 
(1) In the hrst year the lessee cultivated field crops only, while in the second 
the tree seeds as well as field crops were sown, the area being weeded 
twice in the hrst rains. One line of tree seeds was sown to three lines of tielcl 
crops, and the lines being about 1 ft. apart the distance between the lines of 
tree seeds was about 4 ft. (2) The tree seed was sown in the rlrst year of the 
lease, four adjacent lines of tree seeds (forming a strip 3 ft. wide) alternating 
with strips of tield crops 8 ft. wide ; in the second year the lessee cultivated 
tielcl crops between tlie strips of tree seedlings and weeded and sowed up 
blanks in the latter. In departmental sowings of this kind the cost of f ormation 
for the tirst three years amounted to Bs. 28-11-0 per acre and the rcceipts 
from the produce of the nelcl crops Rs. 32 per acre, showing a proht of Rs. 3-5-0 
per acre. 

Simiiar sowings with iield crops in Berar, which have also proved success- 
ful, have been described by Mr. C. G. Rogers. 2 The neld crops employed were 
sesamum, cotton, and arhar ; the Hardwichia seedlings reachecl a height of 
1 J to 2 ft. in two years and four months. 

Silvicitlttjbal treatmbnt. At present Hardwickia binaia is treated 
under a variety of methods of working. In various locahties the sj^stem 
employed is. coppice-with-standards, in which Hardwichia constitutes the 
standards and miscellaneous species the cojapice. In the Dhulia and Pimpalner 
ranges of West Khandesh the treatment prescribed is improvement lellings 
with artihcial reproduction of Hardioichia by broadcast ancl by agri-silvicultural 
sowings. 3 Similar treatment is prescribed for the Yerramalais, West Kurnool, 
regeneration being effected by means of trench and mound sowings already 
clescribed. In Buldana a somewhat similar method of working is in operation 
experimentally. 4 The treatment consists of the removal, under a felling cycle 

1 Ind. Porester, xxxiii (1907), p. 177. 2 Ibid., xxxvii (1911), p. 8. 

n Working PJan for the Anjah and Scrub Jungles of Dhulia and Pimpalner Bangea, West 
Khaudesh, J, Hamilton, 1914. 

1 Worldng Plan for the Bnklana Foresfc Dhrisibn, Berar Cirelo, Central Provinces, S. Srinivasulu 
Naidu, 1913. 
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oE twenty years, of over-mature and deteriorating stems subject to the reten- 
tion of a minimum of 20 seed-bearers per acre, combined with regeneration 
by breaking up the soil and sowing broadcast : Hardwickia is felled at a height 
of 18 in. from the gronnd. 

ITnder 'natural reproduction ' (conclusions) and 'artincial reproduction ', 
pp. 357-9, methods ave suggested for obtaining regeneration naturally and arti- 
ncially, and it will generally happen that even if the tbrmer is secured it will 
require to he supplemented by the latter. Important points are the retention 
of sumcient shade until the young crop is established, protection from hre, 
and closure to grazing until the saplings are out of reach of animals, that is, 
usuaUy for ten years or even more. 

Rate 03? gkowth. The annual rings are not very distinct, but according 
to Mr. Witt they can frcquently be made out with a good lens by the numerous 
pores nlled with resin at the inner edge of the ring. Gamble says the rate of 
growth is usually about 10 rings per inch of radius, which gives a mean annual 
girth increment of 0-63 in. In dry localities on poor shallow soil the growth 
under natural conditions may be extremely slow. Mr. E. D. M. Hooper writes : 
' The natural growth of the young tree in the dry Deccan is undoubtedly very 
slow, and I have watched the species in the Malpaugudi and Sherbi reserves 
of Bellary for the past twenty years and the stems have scarcely progressed.' 
Trees raised artihcially and tended grow much more rapidly. Mr. Ananda 
Rao x says : ' Some planted in the Nandyal compouncl about twclve years 
ago are about 25-30 ft. high and about 6 in. in diameter at breast height.' 

Allusion has already been made, undcr ' the seedling ', to the fact that the 
rate of growth of saplings can be traced by the annular marks on tlic stem, 
which denote each year's growth. Mr. Witt 2 estimates in this way that the 
average rate of height-growth of a normal sapling in Nimar, from a hcigl.it. 
of 3 ft. upwarcls, is 9-12 in. a year, and that allowing for the period of clying 
back in the carly stages a natural sapling 10 ft. high would be about twcuty 
years old. He also quotes some interesting rigures showing the estimated 
rate of growth of trees on trap and on sandstone respectively. Thus forty-five 
trees, planted along roads in the civil station of Khandwa on shallow soil 
overlying trap rock, were thirty-seven years olcl. Mcasuremeuts gave the 
following results : 

A\ r orage hcight ..... ....... ,'!5 ft. 

Mean nnnual height inorcmcnt .......... !)-3 in. 

.Avcrage dianiotcr (nt breast lieight) . . ....... 10-1 in. 

Oorresrjondiiig girth ............ 2 ft. S in. 

Meiiu anmial girth incvcment (including hark) ....... 0-80 in. 

Xumberof rings per inch radiua (after deductiug 1 in. thicknesa of burk) . . . rings 

As regards giowth on sandstone, ring-countings made by him iu respect 
of ten trees of various ages showed an average of between 13 and 14 rings 
per inch of radius, representing a mean annual girth increment of 0-4C) in. 

Mr. A. W. Lushington, quoted by Gamble, a says that planted trees of 
known age on the Kistna canals gave 2-04, 3-23, 4-54, 6-10, 7-35, 843, 9'43, 
10-39, 11-33, 12-26, and 13-18 in. cliameter for 5,' 10, 15, 20, 25, 30, 35, 40, 

1 Workhig Plan fox the Yerramalais Hill Eeserv-os, West Kurnool, 1900. 

3 loc, cit,, pp. 101-2, 3 Man. Tncl. Timbers, 1902, )j. 277. 
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45, 50, and 55 years respectively. The last corresponds to about 8 rings per 
inch of radius. 

As regards coppice growth, Mr. L. S. Osmaston records the Mlowing 
measurements made in coppice coupes oi clifferent ages on trap formation in 
West Khandesh (rainfall about 20 in.) : 

HardwicJcia binata : number of shoots per stool and growth of coppice. 
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The average number of shoots per live stump in all the eoupes is 2-9. 

2. Hardwiokia pimiata, Roxb. Vern. Madeyan sampirani, Jcoda palei, 
Tam. ; Shurali, lciyaim, Mal. ; GJion paini, Coorg. 

A large hanclsome evergreen tree attaining a height of 100 ft. and a girth 
of 14 ft., with dark green shining foliage. Leaves with four to seven leadets 
2-4 in. long. Bark dark brown and green, rather rough. Wood moderately 
hard, clark red or reddish brown, ornamental, used for building and furniture. 

Distribtjtion and habitat. The tree occurs in the Western Ghats from 
South Canara to Travancore. It is abundant in the forests of Travancore up 
to 3,000 ft. In Coorg it is commou in the evergreen forests : enumerations 
by Mr. N. E. Shrigley in 1914-15 gave an average per 100 aeres of 58 trees 
above 7 ft. 6 in. in girth, and 22 trees 6 ft. 9 in. to 7 ft. 6 in. in girth. In 
the Coorg evergreen forests its chief eompanions are Hopea spp., Dipterocarpus 
indicus, Vateria indica, Dysoxylum malabaricum, Artocarpus hirsuta, A. integri- 
jolia, Calophyllum spp., Dichopsis elliplica, and Mesua jerrea. 

ITlowering and ^btjiting. The small white tlowers, in dense panieled 
racemes, appear in February, ancl the pods ripen in May-June. The pod 
(Fig. 142, a) is 1-2-2 in. long by 0-8-1-2 in. broad, turgid, woody, compressed, 
with a single seed in the apical part, indehiseent imtil germination, when it 
dehisces slightly at the apex. 

Geemtnation (Fig. 142, b-d). Hypogeous. The pocl dehisces slightly at 
the apex, enabling the radicle ancl plumule to emerge ; these elongate rapidly, 
while the cotyledons remain within the pod. 

Thb sebdling (Fig. 142). 

Roots : primary root long, moderately thick, terete, tapering, flexuose : 
lateral roots few to moderate in number, short, nbrous, distributed down 
main root. Hypocotyl scarcely distinguishable. Gotyledons 0-8-1 -2 in. by 
0-4-0-7 in., Aeshy, remaining within pod. Stem erect, glabrous or young 
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parts minutery puberulous. Leaves alternate, compound, earlier leavcs with 
one pair, Iater leaves with two or tliree pairs of leanets, fii'st few Jeaves abortive 
ancl scale-like. Stipules up to 0-15 in. long, falcate acuniinate. Common 
petiole (earlier leaves) 0-4-1-5 in. long. Leanets with thick petiolules 0-1- 
0-15 iu. long. lamina 1-5-3-5 in. by 0-6-1-2 in., obliquely ovate acuniinate, 
entire, coriaceous, gland-dotted, glabrous or lower surface minutely puberulons 
iu yoimg leaves, lateral veins uumerous. The seedlmg ordinarily attains 
a heiglit of about 8 in. in the first season, with a taproot 1 ft. or more in length. 

The growth of the seedling appears to be somewhat slow. Mr. H. Tireman 
informs me that young plants raised from seed sown in 1914 under moderate 
shade in an abandoned lcumri in Coorg had an average and inaximum height 
iu January 1918 of ft. 11 in. and 2 ft. 9 in. respectively. 

Rate of geowth. Bourdillon says that the aimual rings are marked by 
dark lines, and that the rate of growth is about 12 rings per incli of radius, 
giving a mean annual girth increment of 0-52 in. 

5. SARACA, Linn. 

Saraca indica, Linn. Asoka tree. Vern. Asok, asholc, Hind. 

Though not an important forest tree, this tree is often planted for orna- 
ment or f or religious purposes ; it is one of the most saered trecs of the Hindus 
and Buddhists, tlie Aowers being much uscd for religious ceremonies and temple 
decoration. It is found wild along streams, or iu the shade of tlie evergreen 
forests, iu the Khasi hills, Chittagong, Arakan, Tenasserim, Upper Burma, 
the Northern Circars, and the west coast of Bonibay. The clusters of fragrani; 
orange or red Howers appear from January to April or May. The tree is 
interesting as funiishing an example of drooping youiig leaves without chloro- 
phyll, like those of certain other evergreen trees, for examplo Amherslia 
nobilis, Mesua ferrea, Mangijera indica, Polyalbhia jragmns, and others. The 
leatlets of the young leaves are red in colour, thin "and ilaccLd, and hang 
vertically downwards for some time after attaining full hIkc. 

6. AMHERSTIA, Wall. 

Amhorstia nobilis, Wall. Vem. Thawlca, Burm. 

This, one of the most beautiful Aowering treĕs in the world, is aii eyei^green 
tree indigenous in Tenasscrim and cultivated in the moister parts of Biirma 
and southem India. Thc tlowers are crimson to yellow or salmon pink, in 
large candelabrum-like pendulous raceines hanging amongst the handsome 
foliage. The young leaves are of a rich red or purplish colour and hang ilaccid 
(see under Saraca inclica above). The tree is somewhat difficult to cultivate, 
being delicate when young and rec^uiring a rich soil and a warm moist ecpiable 
climate. It may be raised from seed in pots or baskets, but can bcst be 
propagated by layering in the hot season and planting out during the rains. 
It is eultivated successfully in Ceylon, but seldom ripens its seeds thcre ; it 
tlowers during the greater part of the year, but eh^eily from Jauuary to March. 

7. TAMARINDUS, Linn. 

Tamarindus indica, Linn. Tamarind. Vern. Imli, amli, Hind. ; Ewnase, 
Kan. ; Ghinch, Mar. ; Puli, Tam. ; Ohinta, Tel. ; Pulinje, Coorg ; Magyi, 
Burm. 




J?ig. 142. Hardwiclcia pinnata. SeecUing x \. 
a, fruit ; b-d, germination stages ; e, seedling one month old ; /, seedling six months old. 
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A large usually evergreen tree attaining a height of 100 ft. and a girth 
of 15 ft. or more, with a spreading rounded crown and pinnate leaves with 
ten to twenty pairs of leanets about 0-5 in. long. Bark dark grey, moderately 
thick, deeply cracked. Wood hard and close grained, used for rice-pounders, 
oil and sugar mills, tools, furniture, and turnery. The tamarind is not a forest 
tree, but is largely planted for shade and ornament and for the sake of its 
pods, which are used as an astringent and aperient and for making condiments. 
It is an excellent avenue tree, being always in leaf and having a spreading 
crown. Mr. A. E. Wikl records a tree 25 ft. 6 in. in girth at Kara, Gaya. 

Distribtttion and habitat. Said to be indigenous in Abyssinia and 
central Airica. Largely planted in India along roads and avenues, and in 
and around villages ; frequently run wild. Tamarind groves in the f orest 
often mark the sites of deserted villages. It thrives only in the warmer parts 
of Iudia, and though planted as far north as the Punjab it does not ripen its 
fruits, nor does it nourish. In Burma it is one of the commonest of village 
trees in the dry zone. 

Leaf-shedding, elowering, and eetjtting. The tree is never leahess 
except in very dry locaiities, where it is sometimes leaness for a short time 
in the hot season. The new leaves appear in Mareh-April. The small yellow 
and red variegated nowers appear from April to June (also in October, Haines), 
and the pods ripen from February to April. The pods are brown, 3-6 in. 
long, 0-5 in. thick, with a brittle epicarp, hlled with a dark brown hbrous 
acid pulp containing three to ten brown smooth compressed seeds (Eig. 143, a)". 
The pods are readily eaten by monkeys, which arc instrumental in scattering 
tlie seeds. The germinative power of the seed is fairly high (average 66 per 
cent. in tests at Dehra Dun, where conditions are not favourable). 

Gehmination (Fig. 143, b-e). Epigeous. The radicle emerges from one 
end of the seed and descends rapidly. The hypocotyl elongates, arching 
slightly, and raises above ground the cotyledons enclosed in the testa. The 
latter fall.s to the ground when tlie cotyledons expand. 

TlIE SEEDLING (Fig. 143). 

Eoots : primary root long, wiry, flexuose : lateral roots numerous, 
moderately long, tibrous, distributed down main root. Hypocotyl distinet 
from and thieker than root, 1-5-3-5 in. long, slightly compressed, linely tomen- 
tose. Gotyledons sessile, 0-5-0-7 in. by 0-35-0-5 in., plano-convex, thick, 
Aeshy, unecjually ovate, orbicular or obovate, apex rounded, base projectiiig 
about 0-1 iu. beliind point of insertion. Stem erect, terete or slightly com- 
pressed, why, tomentose ; internodes 0-3-1 in. long. Leaves paripinnate, 
hrst pair opposite, subsequent leaves alternate. Stipules 0-2-0-3 in. long, 
falcate acunhnate, pubesceut. Rachis 1-1-3 in. long, pubescent, terminating 
in a bristle. Leahets 6-10 pairs, opposite, sub-sessile, 0-4-0-9 in. by 0-15- 
0-3 in., linear oblong or i*homboidal, obtuse or slightly emarginate, entire, 
pubeseent, glaucous beneath, darker above. 

The early development of the seedling is fairly rapid under favourable 
conditions, a height of 2 ft. or more in the hrst season and 4 ft. or niore in 
the second season being attainable with regular weeding and watering. A long 
taproot is developcd early ; this may attain a length of over 1 ft. within two 
months of germination. Weeds greatly hinder the growth of the seodling, 
which responds in a marked degree to weeding. The young plant grows best 




FiG. 143. Tamarindus indica. Seedling x -|. 
a, secd ; b-e, germination stages ; f-h, development of seedliug to end of first Eeason. 
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in a porous soil and if sheltered from the sun in the earlier stagea ; it is very 
sensitive to frost. 

SiLvicur,TTjRAL characters. The tree is not exacting as regards soil, 
though it thrives best on deep alluvium : Haines says it has become naturalized 
among granite rocks near Kuru, Ghota Nagpur. It is sensitive to frost, but 
withstands drought, having remained unaffeeted in the severe drought of 
1899-1900 in the Deccan. The tree produces root-suckers. Owing to the fact 
that under its shade the ground is usually bare it is one of the most suitable 
trees for planting along hre-lines, for which purpose it has been employed in 
Mysore. 1 Its growth is somewhat slow. 

Artificial reprodttction'. The tree is not dimcult to propagate, whether 
by direct sowing along ploughed or hoed lines or by transplanting : in either 
case regular weeding and loosening of the soil stimulate growth. The seed 
should be sown about April in raised nursery beds composed of light porous 
soil, the beds being kept regularly watered and weeded : germination ordinarily 
cominenees iia about five to ten days. Experiments at Dehra Dun showed 
that transplanting can be most successlidly carried out during the iirst rains 
before the taproot reaches too great a length. Transplanting with entire root 
and stem in the second rains is more dimcult and is liable to failure unless 
watering can be oarried out for some time after. A fair amount of success 
has been attained at Dehra Dun by transplanting during the sccond rains 
after pruning tlie stem and taproot down to a length of about 2 in. and 9 in. 
respectively. Successful planting along iire-lines in Mysore has been carried 
out by raising seedlings in tile pots and plantmg them out 9 ft. by 9 ft. in 
pits 3 ft. cube, no subsecment watering or attention being recpiired except to 
hoe up the soil round the plants once a year. 

8. CASSIA, Linn. 

Species 1. G. Fistula, Linn. ; 2. G. renigera, Wall. ; 8. G. siamea, Lam. ; 
4. G. auriculata, Linn. 

1. Oassia Eistula, Linn. Indian laburnum. Vern. Amallas, Hincl. ; 
Baliawa, Mar. ; Kakke, Kan. ; Konnai, Tam. ; Rela, Tel. ; Sonaru, Assam ; 
Ngu, Burm. (Fig. 144.) 

A moderate-sized deciduous tree with a rather open erown ; leaves pari- 
pinnate with four to eight leadets 2-0 in. long. Bark about 0-25 in. thick, in 
younger trees smooth, light grey, reddish brown insicle, in older trees reddish 
brown, exfoliating in hard seales. This is one of the most beautiful of Inclian 
nowering trees. Wood hard and durable, in clemand for house-posts, carts, 
and agricultural impleinents. The pulp of the pods is a strong purgative 
(the Cassia Pulpa of the British Pharmacopoeia), while the bark is much in 
demand for tanning. 

Distribtjtiost and habitat. Common in deciduous ibrests throughout 
the greater part of India and Burma, ascending to 4,000 ft. in the Himalaya ; 
also in Ceylon. The tree is not gregarious, but is soattered in mixed deciduous 
forests, often of a somewhat open type : it occurs f airly frequently in sal forest. 
Sometimes it approaches gregariousness in localities frequented by monkeys 

1 Ind. Forestor, ix (1883), p, 143. 
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Fig. 144. Cassia Fistida in fruit, Dehra Dun, Unitetl Provinces. 
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(see under 'natural reproduction ', p. 368). It is found on a variety of geo- 
logical formations and will grow on poor shallow soil, as on the dry outer 
slopes of the Himalaya. In climatio recmirements it shows a wide range. In 
its natural habitat the absolute maximum shade temperature varies from 
100° to 120° F., the absolute minimum from 25° to 65° ¥., and the normal 
raintall from 20 to 120 in. or more. 

Leaf-shedding, jlowering, and eruiting'.. The tree is leaness for 
a very short time, or hardly at all, between March and May, the new leaves 
appearing in April-May ; these are bright green or sometimes a beautiful 
ricii copper colour. The long pendulous racemes of large bright yellow Aowers 
appear chieny with the new leaves from April to June, but it is no uncommon 
thing to nnd the tree in Aower even as late as September, particularly in dry 
years. The long cylindrical pods develop rapidly, reacliing ahnost full length 
but not full thiekness by October, when they are still soft and green. By 
November they are full-sized but still green and unripe ; they commence 
ripening in December and continue ripening 1'roin January till Maroh or April. 
Theripe pods are 1-2 ft. long or sometimes more, 0-75-1 in. in diameter, pendu- 
lous, cylindrical, clark brown, smooth, hard, indehiscent, septate into numerous 
one-seeded cells, the seeds being embedded in a dark brown sweetish pulp 
which is a strong purgative. The ripe pods hang for some time on the tree, 
commenerng to fall about April-May, and continuing to fall in the following 
months : old pods may of ten be f ound on the trees in September or later 
along with the new half-grown green pods. 

The seeds (Fig. 145, a) are 0-3-0-4 in. by 0-2-0-3 in., ovate, compressed, 
light brown, hard, smooth, shiny, with a moderately hard testa and a horny 
albumen. About 2,500 weigh 1 lb. Like many other hard leguminous seeds, 
tliose of Cassia Fistula take some time to germinate, some lying a whole year 
in the grouncl before doing so, even if regularly watered. Boiling the seeds 
for about five minutes before sowing has been found to give very good results 
in stimulating germination. 1 Tests carried out at Dehra Dun showed that 
the seeds retain their vitality unimpaired for at least two years. It was found 
that seed from pods one year old germinated more quickly than that from 
fresh pods, though the percentage of sound seeds in the former may be low 
owing to inseot attacks. As regards the identity of the insects which do much 
damage by attacking the seeds within the pods, specimens of inlected pods 
collected in the Siwaliks in December 1910 were kept under observation ; 
from these were bred out (1) from May 4 to June 5, 1911, moths identinecl 
as Trachylepidia fructicassiella, Bag., and (2) froni May 4 to 13, 1911, beetles 
identined as Caryoborus gonagra, Fabr. 2 

Germination (Mg. 145, b-e). Epigeous. The radicle issues and the 
hypocotyl arches slightly, raising above ground the cotyledons enolosed in the 
testa, which soon falls, along with the albumen, when the cotyledons expand. 

The seedling (Eig. 145). 

Roots : primary root long, terete, tapering, wiry, yellow turning brown, 
glabrous : lateral "roots numerous, hbrous, distributed down main root : 

1 Torest Report o£ Bihar and Orissa, 1917-18. 

2 Lefroy, Indian Inseot Life, pp. 351 and 509. See also Ind. Mus. Notes, iv. 106, for damage 
by thc tortricid moth Cry-ptophebia carpophaga, Wlam. 



368 XXIII. LEGUMINOSAE 

nodules present. Hypocotyl distinct from root, 1-2-3 in. long, terete, tapering 
npwards, tender and green at first, becoming brown and wiry, minutely 
pubescent. Ootyledons sessile or very shortly petiolate, thin, plano-convex, 
somewhat neshy, 0-7-0-8 in. by 0-4-0-5 in., elliptical oblong, apex rounded, 
base obtuse, entire, green, glabrous, 5-veined from the base, the three central 
veins more distinct than the lateral two. Stem erect, terete, wiry, pubescent ; 
internodes 0-2-0-5 in. long in young stages. Leaves alternate or first pair 
opposite or sub-oi^posite, compound, paripinnate, earlier leaves with two 
pairs of leaAets, followed by leaves with three, then f our pairs. Stipules minutc, 
linear. Eachis 0-3-1-5 in. long in first season, pubescent. LeaHets opposite, 
very shortly petiolate, 0-5-1-7 in. by 0-2-0-5 in. in rirst season, unequally 
ovate lanceolate, acute, entire, pubescent, venation reticulate. Early leaves 
small, successive leaves becoming larger. 

Tlie effect of weeding and watering on the development of the seedling 
is most markecl. Various plots of seedlings, some weeded and watered and 
others left unweeded and unwatered under purely natural conditions, were 
kept under observation at Dehra Dun, and the following measurements of 
the plants were recorded : 

Gassia Fistula : measurements of seedlings. 

Treatment. 



Plants regularly weodod and 
watercd 

Planta not weteded or watered 





Height at end of seasou. 


Ist. 


2nd. 


3rd. 


ft. 6 in.- 


2 ft. in.- 


Maximuni 


2 ft. in. 


12 ft. 10 in. 


15 ft. 


Mtixiraum 


Maximum 


9 in,- 


ft. 9 in. 


1 ft. 10 in. 


2ft. 8 in. 



4th. 



5 ft.-8 fl. 



This iudicates that uncler natural cond.itions the seedling devclops slowly for 
the nrst few years, after which more rapid growth talces place. A fairly lotig 
taproot is produced at an early stagc. 

Seedlings are somewhat frost-tender, but have gootl. ]iower of recovery. 
If exposed to the suii during germination they are sensithre to drought, luul 
the protectiou atlorcled by a covering of earth or a moderate growth of grass 
is useful ; cluring the rains, howcvcr, much mortality occurs owing to < \\c 
damping off of the seeclliiigs where lliere is a heavy growth of wecds. In 
northern India the old leaves of natural secdlings drop al>out February, aml 
new growth commences in Marcli or early April. 

Silvictjltural charactebs. Cassict Fistula stands a moderate amomit 
of shade. It is not frost-hardy, ancl suffered severely in thc great frost of 
1905 in northern India. In the abnormal drought of 1907 and 1908, wliich 
seriously ailected the iorests of Oudh, it proved to be decidedly liardy. It is 
not readily browsed, even by goats. It coppices vigorously and produccs 
root-suckers freely from a root-system which is partly superheial. As already 
stated, it is not exacting as regards soil, ancl may be found on poor shallow 
soils. 

Nattjeal repeodtjction. As the natural reproduction of this trcc was 
something of a mystery, I made a special study of it in 1910 and 1'ollowing 
years, with interesting restdts, for it appears to furnish an iustance where 
animal assistance is necessary in obtaining natural reproduction, and so far 
no case has yet been observed of reproduetion having been effected without 
the agency of animals. 
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Fig. 145. Ciissia Fis/ula — SuiiDi.iNC. X $ 
a— Seed b - e — Gerniination stages f - h — Development of seedling during nrst seasori 
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As already mentioned, the pods ripen from December-January onwards, 
hanging on.the tree often for many months : they commence falling about 
April-May, continuing to fall until September or even later. After falling 
they lie on the ground, where they may be found in quantity during the 
succeeding cold and hot seasons. If pods are collected from the ground during 
these seasons and broken open each seed will be found loose in its own cell, 
the pulp having dried up : many of the seeds will as a rule he found to be 
eaten by grubs, while those which are not attacked will be cmite sound, and 
in fact tests have shown that they retain their vitality for at least two years. 
Later in the season, and throughout the rains, pods lying untouched on the 
grpund continue in much the same state, their hard outer shells often becoming 
partially eaten by white ants, but no sign of the germination of the seed being 
apparent. 

In order to determine if possible what happens to the pods on the ground 
and how reproduction is effected, ripe pods were collected in March 1911 and 
laid on the ground on a markecl plot at Dehra Dun with the view of periodical 
observations beiug made. Within a week the plot was discovered by jackals, 
which broke the pods up with their teeth in order to eat the pidp, scattering 
the seeds about the plot. This plot was left in the condition in wliich it was, 
with the remnants of the pods and seeds lying about as the jackals had left 
them. A seeond plot, however, was laid out alongside the original one, 
and in it another Iot of ripe pods was laid on the ground ; this plot, how- 
ever, was covered with a strong cage of wire netting to keep animals off, 
and both plots were subsequently kept under observation, with the following 
results : 

A. Unprotected plot (seeds scattered by jackals). (1) First season, germina- 
tion commenced in July, after heavy rain, and continued throughout August ; 
24 seedlings came up, of which 15 damped off during the raius owing to heavy 
weed-growth, leaving 9 at the end of the season with a masimum height of 
8 in. (2) Second season, 10 new seedlings appeared in July from seed which 
had lain clormant for a year ; of these new seedlings 6, ancl of the old ones 
2, damped off during the rains owing to heavy weed-growth, leaving at the 
end of the season 11 survivors up to 1 ft. 6 in. in heiglit, of which 7 were old 
and 4 new seedlings. (3) Third season, the 11 survivors of last year remained 
alive and in good conclition, attaining a maximum height of 2 ft. 8 in. by 
the end of the season ; more dormant seeds germinated in July, but only 
2 seedlings eseaped damping off under a growth of weeds, and the total number 
of seedlings in the plot at the end of the season was 13. 

B. Protected plot (covered with cage of wire netting to keep off animals). 
Duriug the tirst rains the pulp within the pods became moulcly and rotten, 
but the seeds not attacked by grubs remained quite sound and fertile ; many, 
however, were destroyed by grubs. The pods were kept under observation 
for four seasons. The seeds never escaped from them, ancl no germination 
took place: The shells of the pods became partly eaten by white ants, and the 
seeds were also to somc extent attacked, though some remaiued sound until 
the end of the period of observation. The f act remained that no germination 
took place from the pods in this plot. 

In addition to the observations just recorded many others have been 

2307.2 T) 
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made in the forest with the view of ascertaining the extent to which animala 
assist in the natural reproduction of this tree, and no case has yet heen met 
with in which the seed was found to germinate without having hoen extraoted 
from tlie pods hy animal agency ; on the other hancl, the remnants of pods 
hroken up hy animals have frecniently been met with, and in many cases 
young seedlings have heen found dnring the rains in the neighbourhood of 
these remnants. The animals which are known to eat the pulp of tlie pods, 
and are therefore useful agents in the spread of the tree, are monkeys, jackals, 
hears, and pigs ; there are possibly other animals 'also. Although many of 
the seeds are scattered near the trees where the pods are eaten, witliout being 
swallowed by the animals, some are swallowed, as the seeds have been noticed 
in their excreta ; in this way not only are the seeds disseminated, but germina- , 
tion is probably accelerated, an important point in the case of hard leguminous 
seeds of this kind. Some curious instances of natural reproduction traoeable 
to thc presence of animals have been observed. In certain looalities along the 
base of the outer Himalaya the tree is so plentilul as to approach gregarious- 
ness, and although reproduction is partly from suckers, yot seedlings of various 
ages are also met with ; sueh 'places have always been noticed to be f rerjuented 
by numbers of monkeys, and there can be little doubt that tliey are the agents 
directly responsible for the spread of the tree. 

As rcgards the time taken by the seeds to germinate under natural 
conditions, the obseryations already recorded have been oonnrmed by other 
observations in similar plots in which the seed has been extracted from tho 
pods and scattered on the suriace of the ground, namoly, that the aeed 
germinates chieny during the rainy season aiiter thorough soaking ; only 
a portion of it may germinate during the tlrst year, some lying dormant until 
the second or oven the third year betore germinatiug. In the case of seed 
lying on the suriace of the ground much mortality is caused during germination 
by the destruction of the radicle by birds and insects, or through drying up 
in places exposed to the sun. Wherc the seed is buried by rain or otlierwise, 
wbicli frequently occurs under natural conditions, germinatiou is morc suc- 
cessiul. A growth of grass, if not too rank, also protects the germbiati.ng seed. 
High mortality among the seedlings is caused subsequently by damping off 
where weed-growtb is heavy. 

Muoh of the natural reproduction mct with in tho forest consists of root- 
suckers ; this is particularly the case on hill-sides, in Ovittings, and other places 
where the smiace roots are liable to be exposed. 

To summarize, the following facts have becn established regarding tlio 
natural reproduction of this tree from seed : 

1. Reproduction is el'fected mainly, and perhaps entirely, through the 
agency of animals (monkeys, jaclials, bears, pigs, and possibly otliers), whicli 
break open the pods to eat the pulp and thus scatter the seeds or swallow 
and disseminate them. 

2. The seed germinates during the rainy season, some lying dormant 
until the second or even the third rains. 

3. Germination is favonred if the seed becomes buriedj and to some 
extent if it is protected by a moderate growth of grass ; if the seed lics on 
the surface of the ground mueh mortality takes place during germination 
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owing to-the destruction of the radicle by birds and insecta, or to its drying 
up if exposcd to tho sun. 

4. Many seedlings perish in heavy weed-growth owing to damping off 
during the rains. 

Artietcial beproduction. The seed germinates tarclily, that kept for 
a year germinating more readily than fresh seed. Certain methods of hastening 
the germination of hard leguminous seeds have been suggested in the intro- 
duction to this order, and these may prove effective. The seed should be 
sown in seed-beds in drills about 10 in. apart in March or April, and regularly 
watered ; germination ordinarily takes place early in the rains, though some 
of the seed may lie dormant until the second year, germinating at ditierent 
times from March onwards. Transplanting recmires some care, but it can be 
carried out satisfactorily while the plants are still comparatively small during 
the first rains : basket planting is the most satisiactory method, the seedlmgs 
being transierred to the baskets in the first rains and planted out in the second 
rains. It is doubtful if direct sowings can be relied on for forest purposes 
unless this species is mixed with other species, owing to its uncertain germina- 
tion : nevertheless, plants which do come up irom direct sowings and are 
kept regularly weeded have been found to develop better than transplants. 

Silvicultubal treatment. The only satisfactory treatment for this 
species appears to be coppice, since natural reproduction by seed cannot be 
depended on over dennite areas ; the txee is not of sunicient value to raise 
in regular plantations except as an accessory species in misture with other 
trees. 

Rate of gbowth. The Mlowing records of periodical girth measurements 
in sample plots in the United Provinces show that the growth of trees (as 
distinct from coppice-shoots) is moderate only : 

Cassia Fistula : rate of growth in high forest sample plots, United Provinces. 



Number of 
lample plots. 


ITorest 
diyision. 


Number of 
years under 
observation. 


Number of 
trees under 
observation. 


Girth 

class. 

ft. 

1-2 

2-3 

11-3 


Mean annual 

girth increment 

for period. 


2 
3 


Siwalik 
Lansdowne 


7 and 12 
12 and 17 


3 


in. 
0-16 
0-63 
0-54 



These plots were laid out primarily for the measurement of sal, and it is 
probable that the Gassia trees were dominated or even suppressed, so that 
the rate of growth exhibited here is probably slower than would be obtained 
under more favourable conditions. 

Gamble's specimens gave about 9 rings per inch of radius, equivalent to 
a mean annual girth increment of 0-7 in. A cross-section 2 ft. 8 in. in girth 
in the silvic,ultural museum at Dehra Dun had 55 rings ; this represents 
,a mean annual girth increment of 0-58 in. 

The rate of growth of coppice-shoots is fairly rapid while it lasts, but in 
a small-sized tree of this kind the growth slows down early. Measurements 
of coppice-shoots one year old in Bhandara, Central Provinces, in 1912-13, 
showed an average height of 6 ft. 1 in. as against 7 ft. 1 in. for teak. Measure- 
ments recorded by Mr. A. F. Eroun in 1886 in a coppice coupe nine years old 
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at Bullawala, Dehra Dun, showed a niean girth of 7-7 in. and a mean height of 
11 ft. 8 in. for Gassia as compared with 8-6 in. and 16 ft. respectively for sal. 

The following hgures give the results of measurements made in coppice 
coupes by Mr. C. M. McOrie in 1910 in Gorakhpur, United Provinces, together 
with measurenients of sal coppice in the same coupes : 

Gassia Fistula : rate of growth of coppice, Gorakhpur. 

Mean height. Mean girth. 

Age. Cassia. Sal. Gassia. Sal. 

years. ft. ft. in. in. 

2 4-0 3-0 — — 

4 7-6 7-0 2-2 20 

6 11-0 10-3 3-3 29 

8 14-0 13-0 4-2 38 

10 164 15-3 5-1 48 

12 18-5 17-5 5-9 5'8 

14 20-3 19-2 6-7 67 

16 22-1 20-9 7-3 7-5 

Measurements made in 1911 in coppice eoupes two years old in Gonda, 
United Provinces, gave the following results : 

Gassia. Sal. 

Mean height 9 ft. 9 ft. 

Average nurnber of shoots per stool . . . . 1-5 1-7 

2. Cassia renigera, Wall. Vern. Ngushwe, ngusat, Burm. 

A small deciduous tree of the dry zone of Upper Burma, chiefly in dry 
open scrub forests. It is often eultivated for ornament, and grows and Aower 
well even in moist elimates like that of Rangoon, although in its natural 
habitat it is accustomed to a dry climate and is capable of growing on com- 
paratively poor soils. The tree has large pink tlowers (Prain notes that the 
Shan hills specimens have yellow dowers) ; these appear in April and May 
in short racemes along the bare branches together with the young leaves, and 
the trees at this time are strikingly handsome. The pods are about 15-18 in. 
long, cylindrical and pendulous, resembling those of G. Fistula. The tree is 
leatless for some time in the hot season. 

3. Cassisi siamea, Lam. Syn. O. jlorida, Vahl. Vern. Mezali, Burm. 

A moderate-siaed evergreen tree with a dense crown, probabiy indigeuoua 
in Burma and the southernmost part of Madras ; largely planted for ornament. 
The yellow nowers, in large pyramidal terminal panicles, appear mainly in 
the hot seasou, but the rlowering period is comparatively long, and dowers 
may often be found at various seasons. The pods are 4-10 in. long, and ripen 
towards the end of the hot season ; they hang in clusters and give the troe 
a somewhat untidy appearauce. The tree grows fairly rapidly antl is easy 
to cultivate ; it grows well on moist soils provided the drainage is good. 

4. Cassia auriculata, Linn. Tanners' oassia. Vern. Tarwar, tarwad, 
taroda, Mar. ; Avaram, Tam. ; Tangedu, Tel. ; Peikthingat, Burm. 

An evergreen often gregarious shrub ; leaves paripinnate with eight to 
twelve pairs of leanets. It yields the most important tan-bark in India, and 
on this account is worth cultivation on a larger scale than at prcsent. I.t is 
also a useful plant for clothing dry bare roeky ground and poor soil. I.u 
Madras it is sown as a green manure erop. 
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Distkibtjtion' and habitat. Common in the clrier parts of the Indian 
Peninsula from Ajmer and the Jumna xiver southwards, covering Iarge areas 
in tlie Deccan ; also found in the dry zone of Upper Burma. It is common 
on dry stony hills in open places and in scrub forest ; it oeeurs also on black 
cotton soil and on laterite near the sea-coast. It is naturally a species of hot 
dry regions, where the ahsolute masimum shade temperature varies from 
100° to nearly 120° F., the absolute minimum from 33° to 55° R, and the normal 
rainfall from 20 to 50 in. 

^lowebing and ertjiting. The yellow tlowers appear at various seasons, 
chierly from October to May. The rlowering and fruiting seasons overlap, 
and ripe fruit may be found for a considerable period of the year. The pod 
is rlat, 3-4 in. long by about 0-6 in. broad. The seeds (Eig. 146, a) are 0-3 in. 
long ; about 1,100 weigh 1 oz. Good.seeds have no dimculty in germinating, 
and the percentage of fertility is fairly high. The plant begins to nower and 
fruit at an early age, usually when about a year old. 

GERMnsATiOEr (Kg. 146, h-d). Epigeous. The radicle emerges and 
descends ; the hypocotyl elongates, raising above ground the cotyledons 
usually enclosed in the testa, which falla to the ground with the expansion 
of the cotyledons. 

The seedling (Fig. 146). 

Boots : primary root very long, terete, tapering, woody : lateral roots 
moderate in number, short to moderately long, distributed down main root. 
Hypocotyl distinct from root, 1-2 in. long, terete, tapering upwards, minutely 
pubescent when young. Ootyhdons very shortly petiolate, foliaceous, some- 
what tleshy, 0-6-0-8 in. by 0-5-0-7 hi., sub-orbicular or broadly obovate, 
entire, green, glabrous. Stem erect, woody, glabrous, young parts green. 
Leaves alternate, compound, paripinnate, first 2-6 usually with 2 pairs of 
leahets, subsecment leaves with 3-6 pairs or rnore. Stipules in young seedlings 
up to 0-25 in. long, linear or triangular aeuminate, auriculate, green, pubescent. 
Rachis chamielled above, sparsely pubescent. Leadets shortly petioluled, 
with a hliiorm reddish gland at the base of each pair, 0-3-1 in. by 0-2-0-5 in., 
elliptical oblong, obtuse, mucronate, entne, terminal pair larger than remaining 
learlets. 

Silvicdltueal CHARACTEES. This shrub cloes not stand shade or drip 
from overhead trees, and grows best in open places with an abundance of 
light. It is sensitive to frost, but stands di'ought wcll, growing readily on 
dry shallow soil. It prefers light porous soil ; on water-logged ground or in 
soil containing an excess of moisture seedlings are apt to rot. The plant is' 
avoided by goats and cattle, but plants cultivated near Dehra Dun were 
browsed "by deer. It coppices well. 

Cultivatios". The plant has been frequently cultivated in various parts 
of Inclia, and for the production of tan-bark it is worked as coppice. ~Foi 
tanning cow and buffalo hides the bark from shoots three to five years old 
gives the best results, whereas f or tanning goat and sheep skins that of young 
shoots two years old is preterred : this reters to unirrigated plants. The rota- 
tion has thus to be fixed according to requirements. 

]?or the formation of plantations stiff, water-logged, or alkaline soil and 
frosty localities shoulcl be avoided, care being taken to select places with soil 
which is light, porous, and not too moist. The site for the plantation should 




Pig. 146. Cassia auriculata. Seedling x |. 
a, seed ; b-cl, germination stages ; e-g, early development of seeclling. 
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be an open one, trees and bushes being renioved if they are present. Direct 
sowing has given much better results than transplanting, and it has been found 
advantageous to plough up the land before sowing. The sowing may be done 
either broadcast or in lines : the latter method is considered preferable as it 
facilitates weeding, thinning out the seecllings, and loosening the soil. Lines 
3 to 4 ft. apart produce a dense crop. In southern India June has been found 
to be the best month for sowing, except where the monsoon rains are heavy, 
in which case October is preferable. The seedlings should be thinned out 
during the first season where neeessary ; weeding and cultivation of the soil, 
though not always essential, stimulate growth. Irrigation is not necessary 
except in an arid clhnate like that of Sind, where irrigated sowings are said 
to have produced a height-growth of 20 it. in two years. Nevertheless, 
irrigation is sometimes carried out during the rlrst two years in the normal 
climatic region of the plant, and this hastens growth. With suitable tending, 
but without irrigation, the plants should reach a height of about 4 or 5 ft. in 
the second year, or uncler favourable conditions more. 

9. BAUHINIA, Lhm. 

This genus contains over thirty Indian species, of wliich the majority are 
climbers, more tlian a third being trees and shrubs. They are easily recognized 
from the two leanets being united for a portion of their length, forming 
a bilobed palmately veined leaf. Although none of the trees are of great 
importance as producers of timber, the bauhinias are of special interest as 
being widely represented throughout the forests of India and being charac- 
teristic members of many different forest types. Some are usetul indirectly, 
for example B. purpurea for stocking frosty blanks, B. racemosa for affores'tmg 
open places, B. retusa for clothing hill slopes. 

Among the better lmown species five are described below in some detail, ancl 
these contain certain characters in common. Tliey require care in transplantiug, 
the roots being somewhat sensitive. The fruit forms rapidly and ripens soon 
after Aowering, except in B. racemosa, which takes several months to ripen 
its pods. The pods dehisce as a rule on the tree, scattering the seeds : this 
is particularly marked in the climber B. Yahlii, whdse hard woody pods open 
with a crack in sunny weather and shoot the seeds to some distance. B. mala- 
barica is an exception to the rule, the pods usually reachmg the ground beiore 
dehiscing. The seed germinates readily, but in certain species (e.g. B. mala- 
barica and B. racemosa) some .of the seecl may lie clormant for a year before 
germinating. It is of great advantage to successful reproduction if the seed 
becomes covered before germination, since the radicles of seeds germinating 
on the surface of the ground are liable to be eaten by bircls or insects or to 
dry up before gaining a tooting in the soil. Germination of the species studied 
is epigeous, but two species (B. purjourea and B. variegata) are interesting as 
showing a transition between hypogeous and epigeous germination. 

The genus contains several climbers which are noxious to tree growth 
and recjuire to, be cut perioclically in the forest. The best known ia B. Yahlii, 
W. and A., a gigantic elimber sometimes reaching a girth of 4 or 5 ft. or even 
more ; its eradication is ditncult, since when cut down it at once sends out 
from the base new shoots which grow at a very rapid rate. 
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Species 1. B. racemosa, Lam. ; 2. B. malabarica, Roxb.; 3. B. retusa, 
Harn. ; 4. B. purpurea, Linn. ; 5. B. variegata, Linn. 

1. BauMnia racemosa, Linn. Vern. Jhinjeri, jhanjhora, makuna, liind. ; 
Apta, Mar. ; Banne, Kan. ; Yattdtthi, Tam. ; Ari, Tel. ; Palan, Burm. 

A small to moderate-sized cleciduous (or evergreen ?) tree with a somewhat 
crooked bole, drooping branchlets, and small leaves broader than long, cleft 
neaiiy hali-way down. Bark bluish black, rough with numerous deep vertical 
cracks, pinkish red inside, titrning brown on exposure. The tree is oi no 
importance for timber, but the bast yields a strong cordage nbre. Silvi- 
culturally it is of some importance as a common constituent of the drier types 
of forest and as a useful species for hiling blanks. 

Distribution and habitat. Throughout the greater part of India in 
deciduous forests of a dry type, ascending to 5,000 it. in the western Himalaya; 
frequent in grassy blanks and open spaces, and common also on dry hilla. 
In Burma it occurs on savannah lands and is fairly common in the dry zone 
associated witb Acacia Gatechu, A. leucophloea, Pentacme suavis, Shorea obtusa, 
TermitiaUa Oliveri, T. tomentosa, Bridelia retusa, Diospyros burmanica, Buchan- 
ania latijolia, Zizyplms Jujuba, Odina Wodier, Oassia renigera, Phyllanlhus 
Emblica, and other trees. 

In its natural habitat the absolute maximum shade temperature varies 
from 100° to 118° E, the absolute minimum irom 30° to 55° E., and the normal 
rainfall from 30 to 85 in. 

Leaf-shedding, elowering, and eruiting. The old leaves aro shed iu 
the cold or early hot season and the new Miage appears in the hot season, 
sometimes before the old leaves have all fallen. The raoemes of small creamy 
wlhte llowers appear from March to June. The pods ripen in "Novemb«.r- 
December and remain some montlis on the tree, falling tsowards tlic end of 
the hot season or early in the rains : they are indohiscent, 5-8 in. ioug, dark 
brown when ripe, thick, rigid, 1'alcate, containing twelve to twenty seeds wliich 
rattle in the septate pocls. The soeds (Mg. 147, o) are darlv reddish brown, 
hard, smooth, shining, 0-3-0-4 in. by 0-18-0-25 in., with a hard fairly tlhck 
testa : about 220-250 weigh 1 oz. Tho sccds have a fairly Ihgh germinative 
power (58 to 95 per cent. in tcstsat Dehra Dun) and retain their vitn,lity to 
some extent for at least ono ycar. In order to collect the seecl the pods shoukl 
be plucked o£t tlic trees when thoroughly ripe, from January to March ; they 
should then be hammered open and the seeds separated out. 

Germination (Eig. 147, b~e). Epigeous. ■ The radicle emerges from one 
end of the seed ancl descends ; the hypocotyl elongates by arehing, and the 
cotyledons, enclosecl in thc testa, are carried up above ground, the testa talling 
with their expansion. 

The seedling (Fig. 147). 

Roots \ primary root moderately long, wiry, flexuose : lateral rooi.s 
moderate in number, tibrous : nodules present. Hijpocotijl distinct from a-ud 
tlncker than root, 0-3-0-5 in. long, slightly compressecl and more or less 
grooved down two sides, tapering downwarcls, green, glabrous. Gotyledons 
sub-sessde or very shortly petiolate, 0-9-1-2 in. by 0-5-0-6 in., Miaceous, 
somewhat heshy, obliquely ovate elliptical, entire, green, glabrous. Stem 
erect, terete or slightly compressed, wiry, zigzag at the nodes, green, yonng 
parts mmutely pubescent, soon becoming glabrous. Leaves simple, alternate" 
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Fig. 147. Bauhinia racemosa. Seedling x §. 
a, seed ; 6-6, germination atages ; f-li, carly clevelopment of seedliiig. 
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Stipules minute, subulate, Petiole 04-1 in. long. Lamina 0-6-1-5 in, by 
1-2 in., broader than long, cleft nearly half-way down, mucronate, eutire, sub- 
coriaceous, glaueous beneath, darker above, glabrous, apices of lobes rounded, 
eacli lobe palmately 7- or 9-veined, with a straight midrib between the lobes, 

The development of the seedling is rapid under favourable conditions, 
that is, particularly if weeding and watering are carried out. The young 
plant is oi straggling habit, commencing to form strong side branches from 
the base at an early age ; these side branches succeed each other in alternate 
succession up the stem and grow rapidly, those near the base attaining a length 
of over 3 ffc. by the end of the first season in the ease of vigorous plants. The 
stem and branches droop, their extremities often touching the gronnd. A long 
taproot is developed at an early age, and may attain a length of over 2 ft. 
in three months from germination. Growth ceases in November-Decoinber, 
and new growth commences in March ; in the second season the growth 
usually starts witli the elongation of the lower side branches, the main stem 
showing little or no growth until May or later (Dehra Dun). The leaves 
commence to fall in December and continue falling till May. 

Seedlings have good power of pushing their way through grass and low 
weeds, but their development suffers until the weeds are overtopped ; regular 
weeding has a marked effeet on their growth. Drought is to bo feared chielly 
in the germinating stages in the case of seed lying on hard bare ground exposed 
to the sun. In rrosty localities the seedlings are sometimes killcd back, 
especially in grass, but havo good power of recovery. 

The following measurements of seedlings in experimental plots at Dehra 
Dun will give some idea of the rate of growth under dirTerent conditions ; 
Bauhinia racemosa : rate of growth of seedlings, Dehra Dun. 
Height and other particulars at end of season. 
lst scason. 2nd aeaaon. 3rd soason. 

Marinum i ft. 2 in. Masimum ft. in. Maxiinum 15 ft. in, 
(denso crop, vory 
vigorous) 



Condition under which 
grown. 

Weoded irrigated sow- 
iiigs 



Jth Hoason. 



(sido branohes up to 
3 ft. 3 in. long) 



Unweeded 
sowinga 



imgated Masimum 2 ft. i 



Weeded uniiTigatcd 
aowinga 

Unweeded unirrigated 
sowings(i,o. natural 
conditions) 



Maximiiui 3 ft. in. 
,(l)Maxhnum 2ft. 7in. 

H2)Maximum0ft. 0|in. 
Masiimun 1 ft. 2 in. 



Nursery-iaised planta, 
transplanted with 
entire roota and stom 

Kursery-raised plants, Maximum ft. 9'in, 
transplanted with 
pruned loots and 
stom 

Weeded unirrigated 
line sowings with 
field crops 



Musimum 3 ft. 6 in. 
(chiofly undor 1 ft. 
(i in. among weods) 

Maximum 3 ft. 2 in. 
Maximum 3 ft. in. 



Maximum 1 ft. 3 in. 
Maximum 3 ft. 6 in. 



(masimum diamotor 
2* in. at 2J ft. troni 
the ground) 

ft. 2i in.-3 ft. 9 in. 
(chioily under 1 ft. 
8 in.) 

Maximuni 7 ft. 7 in. 

ft. 5 in.-4 ft. 8 in. 

(ehioAy midor 2 ft. 

exoopt where weeds 

scanty) 
ft. ±b in.-3 ft. in. 

2 ft. 9 in.-4 ft. 2 in. 



Miisiimiia 
7 ft, iu. 



(l)Maximumlft. 9in. 
1(2) - 



Maximum 1 ft. 9 in. ft. 10 in.-3 ft. 8 in. 

Masinium 2 ft. 4 in. 
3 in.-3 ft. 10 in, 



These ligures demonstrate the great value oi weeding, whether irrigation 
he carried out or not. 
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Silvicultural chaeactbrs. The tree is a light-demander, though some- 
times found in slight shade. It is affected to some extent by frost, but has 
good power of recovery. In the ahnormal drought of 1907 and 1908 in the 
forests of Oudh it proved to be decidedly hardy. The tree produces root- 
suckers and coppices well. 

Natural reproduction. The pods fall towards the end of the hot season 
or early in the rains. If the seed be extracted from the pods germination 
commences with the early showers of May and continues f or some time during 
the rains, some seed lying even until the second rains before it germinates. 
The pods being indehiscent the seeds do not escape for some time after the 
pods fall ; this they do ordinarily through the pods rotting or becoming eaten 
by white ants, but in any case it is probable that under natural conditions 
most if not all of the .seecl fails to germinate until the rains of the following 
year. An important aid to successtul germinatiou is the covering of the seed 
by earth and dĕbris, which often takes place under natural conditions during 
the period in which the seed lies on the ground before germinating. When 
germination takes place on the surface of the ground there is much mortality 
through the drying up of the radicle or its destruction by birds and insects. 
Natural seedlings are. capable of struggling successfully through low weeds 
and grass, but their growth is kept back until the weeds are overtopped. In 
dry hot situations the seedlings tend to die back for a few years, hnally 
starting upward growth when the root-system has established itself. 

Artipicial reproduction. Experiments at Dehra Dun have shown that 
the best results are obtained by direct sowings in hnes, the young plants being 
kept weeded and the soil being loosened from time to time. Line sowings 
" with field crops, the crop employed being the lesser millet or mandwa {Eleusine, 
coracana), gave good results provided the lines were kept clear of crops to 
a width of 2 ft. 

Transplanting can be carried out successfully with small nursery plants, 
the seed being sown in nursery drills not less than 9 in. apart in April or 
May and the seedlings transplanted during the tirst rains ; the long taproot 
prevents successful transplanting later unless regular watering can be carried 
out, and experiments in pruning down the stem and taproot were only partially 
successful. 

This is one of the species which have been raised by sowings in conjunction 
with held crops (sesamum, tur or arhar, and cotton) in the Amraoti forest 
division, Berar. 1 

Silvicultural treatment. The tree is only of secondary importance, 
and is treated as an accessory species. Where a regular system is applied to 
the mixed forests in which it occurs the treatment usually followed is that 
of coppice or coppice-with-standards. 

BjATE oe growth. So fa,r as available statistics show, the rate of growth 
in high forest. is slow. Sample plot measurements in the Siwaliks, extending 
over a period of twelve years, showed the Mlowing mean annual girth incre- 
ments for the period : 

Trees 12-24 in. in girth — 0-21 in. (four measurements) . 
Trees 24-36 in. in girth — 0-33 in. (four measurements). 

1 Ind. Foreater, xxxyii (1911), p. 8. ■ 
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As regards coppice, the following ngures resulting from measurements 
made in 1910 by Mr. C. M. McCrie in tlie Ramgarh coppice coupes, Gorakhpur, 
United Provinces, indicate that the rate of growth for a time is 1'airly fast : 
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Bauhinia racemosa : rate of growth of coppice, Gorakhpur. 

Age. Mean height. Mean girth. 

yoars. ft. in. 

2 4-5 — 

4 9-0 3-3 

6 12-5 4-5 

8 16-0 5-7 

10 10-5 6-8 

12 230 7-5 

2. Bauhiniamalabarica, Roxb. Vern. Amli, imli, amlosa, Hind. ; Iiarmai, 
Beng. ; Shadlu, Kan. ; Atthi, Tam. ; Ardm puli, Mal. ; Bwechin, Burm. 

A moderatc-sized tree, evergreen or nearly so, with a bushy crown of dark 
green f oliage ; leaves 2-3 in. long, broader than long, cleft about oue-third of 
the length, acid to the taste, unlike those of B. racemosa, which they resemble 
somewhat otherwise. Bark rough, dark brown, exfoliating in long strips, pink 
to red inside. The wood is used only for fuel. 

Distribtttion and habitat. Throughout the greater part of India and 
Burma, but not in the driest tracts, in deciduous forests usuaily of a moister 
type than those in which B. racemosa is found. It is a common accessory 
species in the sal forests of India, in the teak and lower mixed iorests of Burma, 
and in the moist forests of western aird southern India. 

In its natural habitat the absolute maximum shade temperatu.ro varics 
from 95° to 110° F., the absolute minimum from 32° to 62° E, and thc nranal 
rainfall from 40 to 120 in. or more. 

Elowering and jtottting. The dull whitish iiowers, in amall axillary 
racemes, appear from August to October, and the pods develop rapidly, ripcn- 
ing from January to March, and often hanging in large auantities on the trecs. 
The pods are 7-12 in. long by about 0-75 in. broad, flat, flexiblc, many seeded, 
tapering gradually to a point. The pods oither dehisce on the trecs towards 
the end of the hot season or fall before delhscing. The seeds (Eig.' 148, a), 
of which ahout 320 weigh 1 oz., retain their vitality to some extent for one 
year. 

Germination (Eig. 148, b~e). Epigeous. The radicle emerges aud 
descends, and the hypocotyl elongates by arching ; the cotyledous, encloscd 
in the testa, are raised above the ground, and the testa falls with their expan- 
sion. 

The seebling (Eig. 148). ,; ' 

Boots : primary root moderately long, terete, tapering : lateral rootw 
moderate in number and length, nbrous. Hypocotyl distinct from and thicker 
than the root, 0-3-0-8 in. long, terete or slightly compressecl, fusiform or taper- 
ing slightly npwards, sparsely covered with minute stiff hairs. Cotyledom : 
petioles 0-06 in. long, hattened above ; lamina 0-8-1-1 in. hy 0-6-0-7 in., 
foliaceous, somewhat heshy, oblong or elliptical, entire, sparsely covered with 
minute stiff hairs, 5-veined from the base. Stem erect, terete or slightly com- 
pressed, somewhat zigzag at the nodes, pubescent. Leaves simple, altcrnate, 
acid. Stipules 0-15 in. long, linear falcate, pubescent. Petiole 0-4-0-G in. 
long, pubescent. Lamina 0-5-1 in. by 1-2 in., broader than long, cleft to 
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about one-third of the Iength, mucronate, base cordate, entire, glabrous, 
palrtiately 7-veined with a straight midrib between the lobes. 

Under natural eonditions the development of the seedling is slow, but if 
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Pig. 148. Bauhiniamalabarica, Seedlingxf. 
a, secd ; b-e, germination stagcs ; f-h, development of seedling during fiist season. 

weeded and watered it grows more rapidly. Seedlings grown under natnral 
conditions in grass at Dehra Dun had maxhnum heights of ft. 4 in., 1 ft. 8 in., 
and 5 ft. 7 in. at the end of the nrst, seeond, and third seasons respectively. 
The seedling has good power of struggling through grass and low. weeds, but 
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its growth su£Eers in the process and increases rapidly when the weeds are 
overtopped. The leaves fall about December-February, and new growth 
starts in March (Dehra Dun). The seedling is somewhat frost-tender in early 
youth. 

Nattjral repeoduction. The seeds are sometimes scattered through 
the pods dehiscing on the tree in dry hot weather, but perhaps more oommonly 
they escape either through the dehiscence of the pod after reaohing the ground 
or through the pod valves becoming eaten by white ants or rotting otf. Ger- 
mination commences early in the rains and continues for a time during the 
rainy season ; many seeds He ungerminated until the second rainy season. 
Germination is most successful on loose soil where the seecl becomcs buried ; 
if it takes place on the suriace of the ground the radiele is apt to dry up or to 
become eaten by insects or birds before it can penetrate the soil. 

E-ate of gbowth. Little is known regarding tho rate of growth of this 
speeies. Two trees measured for seven years in a sample plot in the Siwaliks 
showed the f ollowing growth : 

1. Girth class 12 to 24 in. — mean annual girth incremeut for the period, 

0-11 in. 

2. Girth class 24 to 36 in. — moan annual girth increment for the period, 

0'6in. 

3. Bauhinia rctusa, Ham. Vern. Kanclla, semla, hurdl, Hind. ; Nirpa, Tei. 

A moderate-sized tree, never quite learless, with entire or emarginate 
coriaceous leaves 4-0 in. broad, somowhat broador than long. Bark 0-3- 
0-5 in. thick, dark brown, longituclinally cracked, pale pink inside. The bast 
yields a fibre and the cortex a clear gurn, for which the trees are extensively 
tapped in some localities. Gamble says the wood is the best of those of the 
bauhinias, but is not mueh used. Silviculturally the tree is important in tlie 
outer Himalaya, as it covers the hill-sides at elevations intermediate betweon 
those at which niany of the low-level species disappear ancl Quercus incana 
and its associates commence. 

Dtstbibution anii HABITAT. Sub-Himalayan tract ancl outer Hinialaya 
from the Beas to Nepal, Chota Nagpur, Orissa, Central Provinces (Raipur, 
Bilaspur, South Chanda, Bhandara, Balaghat), and the Circars. In the outer 
Himalaya it is gregarious at elevations chieily between 3,000 and 4,500 ft., 
but on southern slopes it occasionally ascends to 6,000 ft., as below Naini Tai, 
where it is associated with Quercus incana and Pinus longijolia ; it is also 
found in the Siwalik hills. According to Parkor it occurs in the Jowlian reserve, 
Khanpur range, Hazara, but has not been collected between this and thc 
Beas. It is always found on well-drained ground, on hill slopes or the sides 
of ravines. In the Himalayan and sub-Himalayan region it occurs maiidy on 
shale, sandstone, and conglomerate. In Chota Nagpur it is common on the 
hills, especially on northern slopes, in Singhbum and elsewhere. Haines says 
it is very common on quartzite along the Konar nadi, Hazaribagh, and that 
it is fouud on quartzite rocks near Deori, Bhandara, Central Provinces. 

In its natmal habitat the absolute maximum shado temperature va:riea 
from 95° to 115° P. t the absolute minimum from 28° to 42° ¥., and the normal 
rainfall from 40 to 90 in. 
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Leae-shedding, floweein-g, and feuitin-g. The tree is never leaAess : 
the old leaves fall during the hot season and the new bright green Miage 
appears in May and June, at which time the trees are conspicuous. The 
nowers appear irorn Septernber to November, and the trees are then covered 
with masses o£ yellowish white blossom. The pods iorm rapidly, becoming 
& rich crimson eolour before ripening ; the masses of crimson pods hanging 
amongst the rich green f oliage give the trees a particularly handsome appear- 
ance from January onwards. The pods are 4-7 in. by 1-2-1-7 in., flat and 
hard ; they dehisce on the tree in June (outer Himalaya), the valves curling 
.spirally and scattering the seeds. The seeds are dark brown, smooth, nat, 
about 0-5 in. in diameter. 

Silvicolttjeal chaeactees. The silviculture of this tree has not yet 
been studied in detail. One particular requirement is a demand for perfect 
drainage. Otherwise its demands do not appear to be exacting, as it ean 
grow on poor stony ground where many species could not survive. 

Nattteal bepeodttctiow. The seeds, scattered towards the end of the 
hot season, germinate early in the rains, and, as in the case of other bauhinias, 
the establishment of the seedling appears to depend largely on the seecl becom- 
ing covered with earth and dĕbris, while new soil formed by landslips and 
erosion is very favourable to germination, and germinating seecls are some- 
times iound in quantity on such ground cluring the rains. These conditions 
commonly obtain on the liilly ground frequented by the tree, the nat seed 
lending itself to being covered with the loose earth washecl down in the rains ; 
this may to some extent account f or the gregarlousness of the species in the 
outer Himalaya. 

Bate oe geowth. Beliable statistics are wanting as regards the rate of 
growth of seedling trees. A cross-section 3 ft. 3 in. in girth in the silvicultural 
museum at Dehra Dun had 47 rings, giving a mean annual girth increment 
of 0-83 in. 

Measurements made in 1916 in the Saitba coppice coupes, Kolhan, Chota 
Nagpur, show the following average rate of growth of ooppice of Bauliinia 
retusa ancl sal respectively in a somewhat poor locality : 

Bauhinia retusa : rate of growth of coppice, Saitba. 

Mean girth at 4j f t. from gcound. 

Buuldnia retusa. Sal. 

in. in. 

2-5 4-0 

4-3 ' 6-5 

5-7 8-6 

7-0 10-3 

8-0 11-5 

9-0 12-6 

100 13-6 

4. Bauhinia purpurca, Linn. Vern. Khairiudl, Jcardr, Jcolidr, Jcanidr, 
Hind. ; Almatti, Mar. ; Sartil, basioampada, Jeanchivdla, Kan. ; Kanclian, 
Tel. ; Malialilĕgani, Burm. 

A moderate-sized evergreen tree with a bushy crown ; leaves 3-6 in. long, 
somewhat lbnger than broad, cleft about half-way down. Bark dark grey or 
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Fig. 149. Bauldnia pmpurea. Seodlingx-|. 
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brown, pink to pale yellow insicle. The wood ia used for agricultural imple- 
ments ancl the bark for tanning. 

Distribtjtion and habitat. Common in the mixed and sal forests of 
the sub-Himalayan tract, ascending the outer hills and valleys to 4,000 ft., 
Assam ancl the Indian Peninsula ; not indigenous in Pmrma. In its region 
the tree is characteristio of mixed deciduous forests, often of a dry type, 
occurring on hill slopes, in valleys, and along streams. Frequently cultivated 
for the sake of its handsome dowers. In its natural hahitat the absolute 
maximum shade temperature varies from 100° to 115° F., the absolute mini- 
mum from 30° to 50° F., and the normal rainfall from 40 to 85 in. 

Flowebing and FBtriTiwG. The terminal panicled racemes of large 
purple, deep rose to lilac nowers appear amongst the foliage from September 
to December. The Aowers are very fragrant, and are visited by nunierous 
bees, by whose agency pollination is effected. The pods (Fig. 149, a) form 
rapidly, some attaining a fair length while the tree is still in nower : they 
ripen from January to March, and are then greenish purple, 6-12 in. by 0-7-1 in., 
flat, fairly tkick, pointed, slightly falcate, with coriaceous valves, containing 
10-15 seeds. The seeds (Fig. 149, b) are brown, compressed, 0-6 by 0-5 in. 
They germinate readily and have a high percentage of fertility, which they 
retain unimpaired for at least one year ; tests at Dehra Dun with seed kept 
for 14 months showed a fertility of 100 per cent. The pods dehisce on the 
tree during the hot season, scattering the seeds. 

Germination (Fig. 149, c-/). Strictly speaking epigeous, but shows 
a transitipn between the hypogeous and epigeous form. The radicle emerges, 
while the plumule commences to grow ancl the young shoot to develop before 
emerging from between the cotyledons : the latter separate very slightly and 
the young shoot extricates itself by arching or bending as in hypogeous germ- 
ination, but after its emergence the cotyledons, whieh become green, separate» 
and are carried above ground on a short hypocotyl. 
The seedling (Fig. 149). 

Roots : primary root moderately long and thick, terete, tapering : lateral 
roots moderate in number, nbrous. Hypocotyl distinct from the root, 0-2- 
0-5 in. long, moderately thick, white or pale green, glabrous, subterranean or 
at ground--level. Cotyhdons sub-sessile, 0-6-0-8 in. by 0-4-0-5 in., plaiu> 
convex, somewhat neshy, oblong, apex rounded, base sagittate, green, glabrous. 
Stem erect, terete or slightly compressed, somewhat zigzag at the nodes, 
glabrous or young parts. minutely pubescent ; internodes 0-4-1-5 in. long. 
Leaves simple, alternate, at hrst small, becoming consecutively larger. Stipules 
0-05 in.long, falcate. Petiole 0-3-1-3 in. long, hnely pubescent. Lamina 
0-3-1-5 in. by 0-3-1-5 in., about as broad as long, cleft to nearly half-way 
down, mucronate, apices of lobes acute, base cordate or truncate, enthe, 
youug leaves hnely pubescent, palmately 7-veined with a straight midrib 
between the lobes. 

The growth of the seedhng is very rapid under favourable conditions. 
Nursery-raised plants at Dehra Dun, regularly weeded and watered, attained 
a maximum height of 3 ft. 9 in. in two months from germination. In one plot 
17 nursery plants varied from 3 ft. 7 in. to 10 ft. 5 in. by the end of the Ĕrst 
season ; by the end of the seeond season they had a maximum height of 
15 ft. 6 in., and were in Aower. TJnder less favourable conditions, the growth 

2307.2 B 
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is much slower. Tke season's growth ends about November, and new growth 
begins in Eebruary (Dehra Dun). 

Silvicultu:ral charactbrs. The tree is a moderate light-demander. It 
is decidedly frost-hardy, as is proved by the fact that it may be f ound surviv- 
ing on grass-Iands subject to bad frosts, where all but the most frost-hardy 
trees fail. 

Natural reproduction. The seeds germinate readily at the beginning 
of the rains, when numerous young seedlings may be found in the neighbour- 
hood of seed-bearers. Where germination takes place on the surface of the 
ground, however, much mortality takes place owing to the drying up of the 
radicle if exposed to the sun. The survival of the seedlings is greatly facilitated 
if the seed becomes buried in loose earth before germination and the roots of 
the young plant are not exposed. 

Artificial reproduction. Experiments at Dehra Dun have shown that 
the best results are attained by line sowings kept regularly weeded : irrigation 
also has a marked effect on the growth. The seedlings are somewhat sensitive 
to transplanting, which has to be done with care. The seed should be sown 
in the nursery in April or May in drills 9-10 in. apart, and covered to a depth 
of ahout a quarter of an inch, regular watering and weeding being carried out. 
The seedlings appear in about 4-10 days, and ean be transplanted wliile still 
of small size during the tirst rains. Transplanting with unpruned stem and 
roots should not he attempted during the second rains unless regular watering 
is possible for some time. A certain amount of success has been attained by 
transplanting after pruning the stem and taproot down to 2 and 9 in. respec- 
tively, but this checks the growth severely for a time. 

5. Bauhinia variegata, Linn. Vern. Kachndr, Hind. ; Kanclian, tlmur, 
Mar. 

A moderate-sized deciduous tree with leaves 3-6 in. long, as broad as or 
broader than long, cleft about one-cjuarter to one-third down. Bark grey, 
with longitudinal ciacks, pale pink inside. The wood is used for agricultural 
implements and the bark for tanning. The tree is extremely handsome when 
in dower, and is largely planted for ornament. 

Distbibution - and habitat. The sub-Himalayan tract and outer hills 
and valleys 1'roin tlie Indus eastward, ascending to 5,000 ft., Assam, Burma, 
Chota Nagpm', Central Provinces, and other parts of the Indian Peninsula. 
Ere^uently cultivated for ornament. It is essentially a tree of the mixed 
deciduous forests, often of a somewhat dry type, and occurs frequently on 
hilly ground. It ascends some distance into the Himalayan valleys, and 
occurs gregariously on some of the outer hills up to 5,000 ft. on southerly 
aspects. In the Indian Peninsula it occurs chietly on hilly ground, and in 
Burma it arTects the drier types of mixed forest, entering the dry zone and 
aseending the kijls to over 3,000 ft. In its natural habitat the absolute maxi- 
mum shade temperature varies from 97° to 115° E., the absolute minimum 
rrom 28° to 45° ]?., and the normal rainfall from 40 to 100 in. 

Lbait-shbdding, blowering, and bruiting. The leaves commenee 
falling in November-December, and the tree is leaAess or nearly so by March ; 
the new leaves appear in April and May. The large pink to purple or white 
Aowers appear from Eebruary to April, chieny on the upper leaness branches, 
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the lower branches often being still in leaf. The Aowers are iragrant and are 
visited by bees, by whose agency pollination is effected. The pods (Fig. 150, a) 
iorm rapidly, ripening in May and June (northern India) : they are 6-12 in. by 
0-7-1 in.j hard and flat, with 10 to 15 seeds, and dehisce for the most part on 
the tree, scattering the seeds. The seeds (Fig. 150, b) are 0-5-0-75 in. by 
0-5-0-7 in., nearly ciroular, tlat, brown, with a somewhat coriaceous testa, 
70-100 weighing 1 oz. ; they germinate readily and show a high percentage 
of fertility, which is retained to some extent for at least a year. 

G-ermination (Fig. 150, o-cj) as in B. purpurea. 

The seedling (Fig. 150). 

Roots : primary root moderately long and thick, terete, tapering, whitish 
or light brown : lateral roots moderate hi nnmber, ribrous. Hypocotyl distinct 
from the root, 0-1-0-15 in. long, tliick, tapering downwards, minutely pubescent 
or glabrescent, subterranean or at ground-level. Gotyledons sessile or sub- 
sessile, 0-8-1 in. by 0-6-0-8 in., plano-convex, somewhat neshy, broadly 
elliptical or sub-orbicular, usually oblicpie, apes rounded, base slightly amicu- 
late or sub-sagittate, entire, yellow or greenish, glabrous. Stem often arched 
during germination, soon becoming erect, grooved ancl angular, pubescent ; 
internodes "0-3-1-5 in. long. Leaves simple, alternate, the nrst one or two 
often small and abortive. Stipules minute. Petiole 0-3-1 iu. long, pubescent. ' 
Lamina 0-4-0-9 in. by 0-8-1-6 in., broader tlian long, cleft to about one-quarter 
to one-third of the length, mucronate, apices of lobes often acute, entire, 
sub-coriaceous, glabrous above, slightly pubescent beneath, palmately 7- or 
9-veined with a straight midrib between the lobes. 

If weeded and watered the seedling develops rapidly. Nursery-raised 
plants at Dehra Dun attained a height up to 3 ft. 4 in. in two months from 
germination, with taproots up to 1 ft. 7 in. long and 05 m. thick. Eight 
nursery-raised seedlings in one plot varied from 3 ft. 7 in. to 7 ft. 10 in. in 
height by the end of the hrst season. Under less favourable conditions the 
growth is considerably less, natural seedlings usually attaining a rnaximum 
height of 1 ft. by the end of the rlrst season. The season's growth ceases about 
November, and new growth commences in February (Dehra Dun). 

Nattjral bepboduction. The seeds, which are scattered before the 
beginning of the monsoon, germinate readily when the rains begin, and germ- 
inating seeds may be found in ouantity round the trees. But unless the 
seed happens to become buried in earth and dĕbris, or is sheltered from the 
sun, most if not all of the young plants may die off owing to the drying up of 
the radicle if exposed to the sun, while birds and insects also cause a good 
deal of mortality by eating ofi the radicles. The most favourable condition 
for the establishment of reproduction appears to be the presence of loose 
porous well-drained soil, in which in the first place the seed has a chance of 
becoming eovered with earth, and in the second place the seedling develops 
sumciently rapidly to overcome weed-growth. 

Abtifioial repbodtjotion. The most successful means of raising the 
tree artiticially is by sowing in lines in which the soil has been well loosened, 
f ollowed by regular weeding and loosenmg of the soil. Unless regular watering 
can be carried out, transplanting is dinicult except in the case of small plants 
during the first rains. The seed should be sown in May in drills 9-10 in. apart : 
the young plants usually appear in 4 to 10 days, and may be transplanted 
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Figi 150. Bauhinia variegata. Seedling x §. 
a, fruit ; b, aeecl ; c~g, germination stages ; h, i, development of seedliug to end of first soason. 
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while still comparatively small during the first rains. Trees planted for 
ornament may be kept a second year in the nursery, but regular watering is 
necessary in the dry season Mlowing transplanting ; in this case either the 
seedlings should be pricked out in the nursery during the first rains or the 
drills should be at least 12 in. apart, and the seedlings should be thinned out 
where necessary. 

Bate oe gbowth. The only authentic statistics relate to coppice coupes 
at Ramgarh near Dehra Dun, the f ollowing measurements having been recorded 
by Mr. A. F. Broun in 1886 (sal coppice measurements in the same coupes 
entered for comparison) : 

Bauhinia variegata : coppice measurements, Ramgarh, Dehra Dun. 
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Sub-Order III. MIM0SEAE 

Genera 1. Peosobis, Linn. ; 2. Xylia, Benth. ; 3. Acaoia, Willd. ; 
4. Albizzia, Durazzini ; 5. Dichrostachys, DC. ; 6. Adenanthera, Linn. ; 
7. Pithecolobitjm, Martius ; 8. Lettcaena, Benth. 

1. PROSOPIS, Linn. 

Species 1. P. spicigera, Linn. ; 2. P. jidijlora, DC. 

1. Prosopis spicigora, Linn. Vern. Ja?id, Punjab ; liandi, Sind ; Kliejra, 
Bajputana ; Semru, sumri, Guz. ; Shema, saunder, Mar. ; Banni, Kan. ; 
Jambu, parambe, Tam. ; Jambi, Tel. 

A moderate-sized thorny tree, evergreen or nearly so, with light Miage 
and straggling rather slender branches armed with conical prickles. It does 
not ordinarily exceed a height of 40 ft. and a girth of 4 ft., the maximum 
attained being 60 ft. and 6 ft. respectively. The bole is usually short and is 
rarely straight ; spines persist on the bole until it reaches a girth of about 
lj ft. Bark up to 1 in. thick, grey, rough with longitudinal furrows and 
transverse cracks. Wood very hard, heartwood dark brown ; it makes 
excellent fuel and charcoal, and is used locally for various purposes. The pods 
contain a dry sweetish pulp, and are used as food for cattle. 

Distribution and habitat. This tree occurs in the dry and arid regions 
of Inclia, namely in Sind, the Punjab plains, Baluchistan, Rajputana, Guzerat, 
the Deccan, and the drier parts of southern India ; it extends into Persia. 

In Sind Proso-pis spicigera is one of the principal species on the higher 
and older alluvium in the region of the Indus. Although founcl to a greater 
or less extent both in upper and in lower Sind, it may be considered to be the 
most characteristic species in the former just as babul (Acacia arabica) is in 
the latter : this is probably due partly to the greater intensity of frost in 
upper Sind, which is more harmful to Acacia arabica than to Prosopis, and 
partly to the fact that the duration of river inundations i,s longer and theii 
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extent greater in lower than in upper Sind, the babul heing favoured by these 
moister conditions. The occurrence of Prosopis spicigera marks one of the 
successive stages between that in which new alluvial ground is formecl in the 
river-bed and the time when, owing to the receding of the river, this land is left 
high and dry above the reach of even abnormal river Aoods. The flood season 
of the Indus commences about the beginning of May, with the melting of the 
Himalayan snows, ancl the river continues to rise, with occasional interrup- 
tions, until July or sometimes later ; thereafter it subsicles gradually and 
reachcs its winter level as a rule about the end of October. In the course of 
the aunual hoods much land is lost by erosion, while corresponding new lancl 
is won by accretion. The newest so-called kacha alluvium thrown up by 
cleposits of silt becomes quickly covered with Tamarix dioica and T. Troupii, 
and a growth of Icanh grass (Saccharum spontaneum) : as the ground becomes 
more elevated Popuhts euphratica and Acacia arabica make their appearance, 
while later, when the landbecomes elevated above the reach of all but abnormai 
Iloods, Prosopis spicigera becomes the prevailing species, having already 
gained a footing with the aid of the river Aoods and having survivecl alter the 
preceding species have gradually disappeared. This, however, is.not the 
nnal stage, for although its long taproot and its power of reproduction by 
root-suckers enable it to outlive its predecessors it is not strictly a desert 
species, ancl though it lingers for a long time on the older higher and drier 
alluvium it eventually gives place in the driest tracts to more typical desert 
species such as Capparis aphylla, 8alvadora, oleoides, and S. persica. 

While often gregarious, particularly in upper Sind, Prosopis is frequently 
associated by single trees or small groups with thc various species which 
precede it on the one hand and succeed it on the other. Thus, bef ore it meets 
the desert species it may be found with Tamarix dioica and Troupii (some- 
times in the form of moribimd remnants), Acacia- arabica, Populus euphratim, 
ancl Tamarix articulata, the largest species of Tamarix, which is characteristic 
of drier groLind tlian the other two : again, on tlie older and drier alkivium 
Prosopis is commonly associated with the desert speeies already mentioned, 
with or without surviving individuals of the other species. 

The soil on thcse alhwial tracts consists of varying mixtures of sancl and 
clay. A special leature, inclicative of deterioration of the soil through lack of 
suiiacc clrainage, is the presence of tracts of varying extcnt in which the soil 
is charged with an excess of sodium salts, these salts appearing as a white 
efflorescence on the surface of thc ground. Where the soil becomes very 
saline Prosopis, in common with most other species, quickly dics out ; 011 
pure sand, also, it cloes not survive long. 

In the Punjab Prosopis spicigera occurs throughout the alhwial plains 
from the Salt Range to the Sutlej river, but does not extend into the hills. 
By far the largest tracts are situated in the arid regions in the south-wcst of 
the province in the Multan and Montgomery districts. According to Mr. 
B. 0. Co^entry, 1 the area of these foxests under the Forest Department in 
1915 was ahout 3,500 square miles, of which about 2,700 square miles wcre 
in Multan, and about 700 scjuare miles in Moutgomery, the remainder being 
in the Lahore, Gujranwala, and Shahpur districts. There is little doubt that 

1 Ind. Foreatcr, xli,(I915), \x 307. 
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the area of forest was at one tiine far greater, and that it has been gradually 
curtailed by the estension of cultivation, a process hastened in recent times by 
the developinent of irrigation. This curtailment is still proceeding rapidly, and 
will continue to do so with the extension of irrigation, the natural dry forests 
giving place to cultivation and irrigated plantations, chieny of Dalbergia Sissoo. 
The five great rivers of the Punjab, of which the Indus is the ehief, play 
an important part in the origin and the distribution of the Prosopis forests. 
These rivers, which are snow-fed, are liable to high rloods when the Himalayan 
snows melt in the hot weather, and the process of annual nooding with attendant 
erosion and accretion proceeds in the manner already described for the Indus. 
The topography of the plains thus exhibits four main stages in the alluvial 
f ormation : (1) new alhwium in the river-beds ; (2) low land subject to inunda- 
tion ; (3) higher ground beyond the reaeh of ordinary hoods ; and (4) high 
so-called bar land forming the watershed between the rivers. The subsoi. 1 
water-level varies from a few feet below ground surface in the low land near 
the rivers to as much as 100 ft. on the high bar land. The soil is a cleep rertile 
loam with occasional hard pans of lcankar, that is, concretionary calcareous 
deposits, a few feefc below the surface, and with occasional unfertile tracts of 
saline soil locally known as reh or kallar. Prosopis regenerates on the low 
ground subject to rloods, but not on the high bar land, and it owes its existence 
on the latter to the remarkable powers of survival due to its long taproot, 
which responds to the lowering of the water-level, and to its capacity for 
reproducing by root-suckers. Thus the eonditions under whieh it is able to 
persist when once established are entirely unsuitable for its reproduction by 
seed, and it is f urther evident that this persistence may be of very long dura- 
tion, perhaps, as Mr. Coventry remarks, for hundreds if not thousands ol 
years. 

On the high bar land Prosopis trees are as a rule somewhat scattered, and 
are usually associated with Salvadora oleoides and Gapparis aphylla, while the 
two latter species oiten occur without Prosopis, which has gradually dis- 
appeared in eourse of time ; there are also frequently large blanks due to 
deposits of kankar or the presence of saline soil. Escept for the tree growth 
the ground is bare of vegetation for several months in the year, though a fair 
crop of grass is produced during the rainy season. On the lower ground 
nearer the rivers the tree occurs gregariously in well-stocked crpps ; here it is 
sometimes associated with Tamarix and with Acacia arabica. 

In the Indian Peninsula the tree is not gregarious, but is scattered in open 
dry types of forest in association with Acacia Gatechu, A. arabica, A. leucophloea, 
A. eburnea, Chloroxylon Siuietenia, Anogeissus latijolia, Zizyphus Jujuba, 
Z. Xylopyrus, and other species. In some localities it occurs on black cotton 
soil with Acacia arabica and a few other kinds of trees. 

In the most important areas of its distribution the climate is dry to arid, 
and is characterized by extremes of temperature, intense heat being a teature 
of the hot weather, while in the winter the thermometer may register a few 
degrees „of frost. Within its region in Sind and the Punjab the absolute maxi- 
mum shade temperature varies from 118° to 125° P., the absolute minimum 
from 25° to 40° P., and the normal raintall from under 3 in. to about 25 in. or 
slightly over. In the Punjab plains it occurs most plentifully in the drier 
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regions where the norinal rainfall is from 5 to 10 in. In Baluchistan it experi- 
eiices lower temperatures than it does in Sind and the Punjab. In the Indian 
Peninsnla it occurs in regions where the absolute maximum shade temperatUre 
varies from 105° to 115° F., the absolute minimum from 40° to 60° F., and the 
normal rainfall from 20 to 35 in. 

Leae-shedding, elowering, and eetjiting. The foliage becomes some- 
what thin towards the end of the cold season. The spikes of small yellow 
nowers appear from March to May, after the new leaves. The pods ripen 
from June to August ; they are indehiscent, 4-8 in. long, slender, contracted 
between the seeds, nlled with a dry sweetish pulp, and contain 10-15 seeds. 
The seeds (Fig. 151, a) are 0-2-0-3 in. by 0- 15-0-2 in., compressed, ovate 
oblong or rhomboidal, brown, smooth, hard, with a moderately liard testa. 
Tlie seed retains its vitality for at least a year. 

Recent experiments in the Moutgomery distriet with seed from coppice- 
shoots 5-11 years old showed that such seed was sumciently fertile and that 
seed from the younger shoots was as fertile as that from the older ones. 
Ordinarily the seed, if watered, germinates f rom one to two- weeks af ter sowing. 
The seed is distributed partly by water, partly by birds, and partly by cattle 
and other animals, which eat the sweetish pulp of the pods and void the seeds. 

Germination (Fig. 151, 6-e). Epigeous. Thc radicle emerges and the 
hypocotyl elongates by arching, carrying the cotyledons above gromid when it 
straightens ; as a rule the testa is carried up over the cotyledons, falling with 
their expansion. 

Thb seedling (Fig. 151). 

Eoots : primary root long, thiu, terete, tapering, wiry, yellow turning 
brown : lateral roots few, short, ribrous, distributed down main root : nodules 
present. Hypocotyl distinct from root, 0-8-1-4 in. long, terete, expanded m 
a ring at the base, white turning green, glabrous, smooth at iirst, soon becom- 
ing striate_ by cracks in the epidermis. Cotyledons very sliortly potiolate, 
0-5 by 0-4 in., elliptical ovate, apex rounded, base sagittate, foliaceous, some- 
what tleshy, npper surface convex, lower concave, green, glabrous, 5-veined 
from the base, the two lateral veins very indistinct. Stem ereot at iirst, soo.n 
branching and becoming straggling, zigzag at the nodes, wiry, giabrous, green 
or reddish, covered with prickles which are at iirst minute, later 0-1 in. long ; 
intcrnodes 0-2-0-3 iu. long. Leaves alternate. Stipules 0-2 by 0-1. in., falcate, 
mucronate, green. Pirst leaf pinnate, rachis 0-5 in. long, with occasional 
rudimentary or minute prickles, leatlets usually in five pairs, opposite, with 
yery short pctiolules, 0-2 by 0-1 in., ob!iquely oblong, mucronate, entire. 
yubsequent leaves bipinnate with one pair of opposite pinnae ; common racliis 
0-1-0-2 in. long, pinnae 0-3-0-6 in. with 4-6, later 7-8, pairs of leanets similar 
to those of nrst leaf. 

Under ordinary conditions the growth of the seedling is slow, though by 
irrigation and weeding more rapid development can be secured. In Sind, 
even in the case of irrigated sowings, the seedlings normally attain a height of 
only 6 in. to 1 ft. by the end of the nrst season. The seedling tends to assume a 
straggling growth, developing longsidebranches at the expense of height-growth. 
It forms a long wiry taproot, which by the end of the second season may 
attain a length of as much as 2} ft. or more : this helps it to establish itselr 
in the dry regions in which it grows. Yomrg plants are somewhat sensitive to 
frost, ancl small weakly plants are liable to die back to ground-level owing to 
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Fig. 151. Prosopis spicigera. Seedling x |-. 
, seed ; 6-c, germination stages ; f~j, development of seedling during first season. 
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drought ; such plants, if they survive, are apt to assume ior a time a bushy 
form owing to the developrnent of new shoots from the lower portion of the 
stem. In the natural home of the tree, rats are often very destruotive to young 
plants, gnawing them just helow the ground-level ; in seasons of low inunda- 
tion, when the rats become numerous, their ravages are worst. Tlie leaves 
of seedlings fall during the cold season, the young plants being lealless for 
a time towards the end of that season. 

The following measurements of seedlings grown in experimental plots at 
Dehi'a Dun (which, however, is outside the natural habitat of the tree) compare 
to sorne extent the growth under varying treatment : 

Growth of Prosopis spicigera seedlings under varying treatment, Deln"a Dun. 






Condition under 
wlrich grown. 

(1) In nursery, weed- 
ed and watored 



(2) In nursery, weed- 
od and watered 



(3) Broadcast aowing, 
irrigated, weeded 



(4) Broadcast sowing, 
in-igatcd, unweeded 



(5) Broadcast sowing, 
imirrigated, weeded 



lst season. 
ft. 1 in.-O f t. 3 in. 



Maximum f t, 6 iu. 



Maximum f t. 8 in. < 
(vigorous and 
muneroua) 

Maxiumm f t. 5 in. 
(few, weakly) 



Heiglit at end of season. 

2nd season. 

Maximum ft. 5 in. 

(sido branohos up 

to 1 ft. 7 in. long) 

Maximum 1 ft. 2 in. 
(with sevoral strag- 
gling branches) 

■> it. 3 in.-l ffc. 9 in. 



3rd seaaon, 
ft. 3 in.-0 ft. 8 iu. 



1 ft. I in.-l ffc. 4 iti. 
(only a few sur- 
vived tlie woods, 
but now ovor tliom 
aud iu good condi- 
tion) 



Maximuni f t. 4 in. Maxinuim i f fc. in. 



ffc. 2 iu.-O £t. 9 in. 
(docroiiso duo to 
tlamago liy irost aud 
drouglit).' 



(6) Broadcast sowing, Maximum t'fc. 7 in. ft. 2*in.-l ft. 4 in. 
unirrigated, woedecl (seodlings numerous) (seedliugs iiuinerous) 



(7) Broadcast sowing, 
uniri-igated, un- 
wecded 



Maxiinum f t. 7 in. 
(soedlings few) 



(all killed by frost 
or supprossion) 



Silvicttltural cnARAOTEES. The tree is a decided light-demander. 
Although the seedlings are sensitive to frost and drought, older jjlants are 
very di'ought-resistant and stand frost better than Acacia arabica. Although 
it resists ordinary frosts within its habitat, it suffered somewhat in the Punjah 
plains during the abnormal frost of 1905. A most important characteristie 
of the tree is the extremely long taproot which it develops ; tliis enables it to 
retain possession of the ground, in the dry regions wliieh it inhabits, by obtaiu- 
ing its water-supply deep down in the subsoil. Gamhle x mentions a sj:>ecimen 
of a taproot, exhibited at Paris in 1878, which was 86 ft. in length, and had 
penetrated vertically for 64 ft. Mr. Navani 2 mentions a taproot wluch was 
dug up in Sind and found to measure 117 ft. in length. 

1 Man. Ind. Timbers, 1902, p. 288. 

2 Eevisod Working Plan for the Jerruck Eorest Division, Sind, 1915. 
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The tree coppices well up to a moderate age, but old trees usually coppice 
badly or fail to coppice, Prolonged inundation is harmtul to coppice, and it 
is thereiore advisable to cut the stools high in plaoes liable to be hooded for 
long ; otherwise the coppice grows vigorously on irrigated 1 orest land. In 
dry localities the stools sometimes become covered with the mounds of white 
ants, but although the growth of the coppice is thus checked, growth is carried 
on by root-suckers produced around the stump, 

The tree reproduces freely by root-suckers, a form of reproduction which 
is of great importance in enabling it to survive long after its original associates 
have disappeared, and to reproduce itseli freely after conditions have become 
impossible for reproduction by seed. Although the production of root-suckers 
is apparent everywhere, it seems to be most active where the water-level is 
comparatively near the surface ; on high ground where the water-level is deep 
root-suckers appear for the most part close round the parent stem, and develop 
slowly. Felling, particularly if the stumps are grubbed out, appears to stimu- 
late the production of suckers : on land cleared for cultivation the roots left 
in the ground reclothe the area with a rlourisliing crop of suckers which require 
to be dug out agaim ■ Fires in the grassy areas of riverain tracts also stimulate 
the production of suckers. 

In some localities the tree is pollarcled for camel and goat fodder : 
this induces rot, which spreads down into the bole, and it also frequently 
causes the appearance of nmnerous epicormic branches. The tree is readily 
browsed by camels and goats, and in areas open to goat browsing young 
plants assume a bushy growth, while a similar bushy growth often snrrounds 
the bases of the trees owing to the browsing down of the root-suckers around 
them. 

Natural bepbodtjction. Experiments at Dehra Dun showed that 
under natural conditions the seed germinates at diSerent times during the 
rainy season after heavy rain, some lying ungerminated until the second 
season. Germination and the establishment of the seedling are greatly assisted 
if the seed becomes slightly covered with soil ; seeds washed into heaps in 
loose alluvial sand were f ound to germinate in cmantity. If the seed germinates 
on the surface of the ground the radicle is apt to be eaten by iuseots or to clry 
up if tliere is insumcient moisture. In the dry weather fohowing the rainy 
season there is much mortality among seecllings which have not succeeded in 
establishing themselves thoroughly. 

In Sind and the Punjab natural reproduction by seed is connned almost 
exclusively to moist depressions and other places not far from the rivers, 
where the seedlings obtain occasional surface water and where the proximity 
of the subsoil water-level to the surface ensures soil moisture sutncient to 
enable the seedlings to establish themselves. This guestion of soil moisture 
appears to be all-important, for whereas on the lower ground near the rivers 
promising crops of Prosopis establish themselves from seed, on the high and 
dry ground away from rivers seedling reproduction is almost entirely absent, 
ancl the species has to depend on its remarkable power of reproduction by root- 
suckers to maintain its existence in these dry tracts. Here, although the 
seed may germinate successfully, the seedlings are unable to survive the 
drought. 
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In the riverain areas the young plants appear to resist suppression better 
than Acacia araUca, and are often found malring their way through a iairly 
dense growth of grass where the latter species fails to establish itself. 

Artijtcial repb.odttctioN'. Various experiments earried out at Dehra 
Dun have shown that transplanting cannot be relied upon, but that direct 
sowings are successful if the seedlings are kept free from weeds and the soil is 
periodically loosened. Transplanting was tried both in the nrst and in the 
second rainy season, with entire as well as with prunecl roots and stem, but 
failure resulted in each oase. 

In the dry parts of the Punjab plains, attempts have repeatedly been 
made to raise plantations by direct sowing without irrigation, but failure has 
resulted in every case, since the plants, just as in the case of natural seedlings, 
are unable to rcsist the drought. Qn the other hand, sowings artihcially 
irrigated have proved quite successful, as in the case of the portion of the 
Changa Manga plantation known as the ' Jand extension ', formed about the 
year 1885, aud now a hourishing plantation of Prosopis several hundred aores 
in extent (see Fig. 152). 

In Sind the tree has been successfully raised by sowings in conjunction 
with cereal crops on irrigated land. It has also been raised successiully by 
sowings ou land which is subject to occasional hoods but is too dry to support 
Acacia arabica permanently : thcse sowings require to be watered thoroughly 
during the tirst year, after which occasional watering is usually suilicient until 
the plants are cstablished. Sowings of Prosopis in conjuuction with ueld crops 
are carried out as a rule on the higher land above the reacli of river Jloods, 
the lower land being devoted to the raising of the morc valuable Acacia ambica. 
On these higher lands the system usually lollowed is to sow strips of Prosopis 
4 ft. wide, with intervcning strips 20 ft. wide sown with iield crops. Irrigation 
is carried out by means ,of Persian wheels. Oultivation along with irrigatiou 
continues for two years ; during the third year there is no cultivatiou of iield 
crops, but irrigation is continued under agreement witli thc cultivator. Aiter 
the third year the seecllings require no attention, but have to be protected 
against browsing animals. The held crops are the irrigated lckarij crops sown 
in June together with the tree seeds ancl reapecl in Novomber ; the erops 
commonly cultivated are the two millets bajri (Pennisetum lypUoidmim) and 
joivari (Sorghum vulgare), and sometimes sesamum, clnllies, or other crops. 
The crops are irrigated from June to October. The iiclcl crops are awsessed to 
revenue, and the cultivation is carried out under a regular agreement by which 
the cultivator is bound to protect the young plants from browsing and other 
injury during the three years in which they are under his care. 

An experiment, which appears to have been successiul, in planting up 
saiine Iand with Prosopis spicigera ancl Acacia arabica, is described under the 
latter (p. 440). 

SiLVicuxTUBAL TEBATMBNT. It will be apparent from what has been 
said above that seedling reproduetion is not obtainable in the plains of Sind 
and the Punjab except in riverain areas subject to occasional hoods : hence 
throughout the higher tracts any system invoIving the retention of seed- 
bearers is out of the question. 

In the Punjab the system in operation is simple coppice, and the rotation 
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conunonly adopted is thirty years. In Sind the treatment Mlowed, which is 
based primarily on the requirements of the principal species, Acacia arabica, 
is that of clear-felling with natural reproduction on the riverain alluYium, 
supplemented where necessary by artincial sowing, often with the aid of field 
crops ; these sowings, as applied to Prosopis spicigera, have been clescribed 
above, At one time a rotation of fifteen years was adopted, but as this was 
found to be too short it was raised subsequently to thirty years, which is 
the rotation prescribed in the more recent working plans. In the Sind 
coupes, reproduction of Prosopis is secured also by root-suckers and ooppice- 
shoots. 

It is many years since the stimulation of reproduetion by root-suckers 
became the subject of observation and experiment in the Punjab. In 18S1 
' Punjabi 'j 1 recording his observations in the case of land cleared for cultiva- 
tion where the stumps were respectively left in tlie gromid aud grubbed out, 
notes that in the latter case the resulting root-suckers were stronger and more 
numerous than in the former, and ascribes this in part to the fact that water 
lodges in the holes left after grubbing onb the stumps and tends to keep the 
surrounding soil moist : these observations were subsequently connrmed by 
experiments made on forest land. The grubbing out of the stump and upper 
portion of the taproot, apart from its effect in stirnulating the production of 
root-suckers, has the advantage of providing a considerable quantity of fuel 
and thus increasiug the yield, The question of sucker reproduction is again 
alluded to in 1892 by Mr. C. F. Elliot, 2 who writes : ' It is some years since 
in the Punjab we recognized that the regeneration of Prosopis spicigera in the 
bar f orests depends chietly on root-suckers ; at all events, that any improvement 
in the way of tllling up blanks will be accomplished in this way and not by 
seed. . . . It is well known that these shoots from the roots of trees of which 
the stunrps and main roots even have been dug out on the compartment lines 
are almost impossible to kill : year after year they have to be cleared away to 
keep the lines open.' 

Rate of growth. Seedling trees. The growtli of the seedling f or the nrst 
f ew years is slow, but subsecjuent growth up to an age of about forty to fifty 
years isfairly rapicl, particularly on land which is subject to periodical tloods. 
In the original working plan of the Jerruck division, Sind, it is estimated that 
an average diameter qf 10 in. is attained in 30 years. 3 In the Naushahro 
division, Sind, 4 countings of aniiual rings on stumps of seedling stems in 
riverain forest gave 31 in. diameter in six years, 5-1 in. cliameter in eleven 
years, and 6-6 in. diameter in tourteen years. In partially inundated areas 
the growth was faster, namely 6 in. diameter in nine years, and 7>5 in. diameter 
in fourteen years. 

Goppice-shoots. Mr. B. 0. Coventry 5 estimates that coppice-shoots in the 
Punjab attain a height of about 30 ft. in fifteen years, with a girth of 2 to 3 ft. 
in good localities, and that the out-turn of fuel per acre varies from 100 to 
1,000 cubic ft. and averages 300 cubie ft. stacked. The following measme- 

1 Ind. Porester, vi (1880-1), p. 327, 2 Ibid., xviii (1892), p. 305. 

3 WoTking Plan for the Jerruck Division, Sind, A. C. E.oMnson, 1899. 

4 Worldng Plan for the Porests of the Nanshahro Division, Sind, A, C. Eobinson, 1900. 

5 Ind. Porester, xli (1915), pp. 310-11. 
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ments of vigorous and fairly vigorous eoppiee-shoots in Multan arc recorded 
by Mr. A. L. Mclntire : x 

Prosopis spicigera ; coppice measurements, Multan. 

Out-tuni of thiok wood 
over 2 in. in diamcter 
Age. Diameter. por stool. 

years. in. cnbic ft. stacked. 

5 1 to 2-5 — 

10 3 to 5 1 to 10, av, 4 

15 5 to 7 or 8 6 to 18, av. 10 

20 6 to 9 or 10 10 to 30, av. 20 

Esperimental coppioe fcllings in tlie Montgomery distriet were carried 
out in 1912 in di£ferent months from April to November ; measurements 
made on January 10, 1915, showed that shoots obtained from trees ielletl 
from April to August (i.e. aged two years five months to two years uino 
months) varied in height from 6 ft. to 12 ft. 6 in., whilst those from trecs fellcd 
from September to November (i. e. aged two years two months to two ycars 
four months) varied in height from 4 ft. to 7 ft. 8 in. 3 

Measurements made in 1899-1900 in annually inundated riverain coppice 
coupes in the ISTaushahro forest dhdsion, Sind, gave the f ollowing results : ;t 

Prosopis spicigera : measurements of riverain coppice, Naushahro, Sind. 

Age 3 years. Age 4 ycarH. 

Mean giith Moan girth 

No. of stcma at 1 ft. from No. of stenis at, 1 ft. from 

Porcst, measurecl. ground-Ieve]. nieasured. ground-leve]. 

in. iii. 

Mohbat Dero . . 29 5-9 39 0-5 

Bhour ... 60 6'2 81 0-5 

Bhorti ... 25 5-9 34 9 '5 

In the Jerruck division of Siiicl. it is estimated that coppice-shoots 4-8 in. 
in diameter are produced in fifteen years. 1 

The following mcasurements, made in 1901-2, of 2,073 eoppice-shoots in 
thc Sukkur division of Sind, show the average rate of growth in riverain and 
dry f orests respectively : ° 

Prosopis spicigera : coppice measurements, Sukkur, Sind. 

Mean diameter. 

s. Dry forests. 

in. 

1-20 
1-72 

2-43 
2-89 
3-51 

1 Working Plau for the Soutli Kabirwala and Mailsi Forests, Multan, 1899. 

1 Pmrjab Porest Conference Prooeedings, 1915, p. 17. 

3 Working Plan for tlie Forests of the Naushahro Division, Sind, A. C. Robinson, 1900. 

•' Working Plan for the Forests of the Jerruok Division, Sind, A. C. Robinson, 1899, 

5 Woiking Plan for the l?orests of the Sukkur Diyision, Sind, A, 0. RobiiiBon, 1903. 



Age. 


Riveram i< 


yoars. 


in. 


2 


1-77 


3 


2-48 


4 


3-65 


5 


4-25 


6 


5-17 
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The following coppice measurenients in Baluchistan are recorcled in the 
Porest Report of that province for 1915-16 : 

Prosojns spicigera : coppice measurenients, Baluchistan. 

Age. Maximum height. Porest. 

years. ft. in. 

4 5 S Gullushahr 

5 20 1 AbduIlaKheJi 
9 22 2 — 

10 22 — 

11 22 10 — 

2. Prosopis jiiliAora, DC. V"ar. glandulosa, Sarg. Syn. P. glandulosa, 
Torr. ; P. pallida, H. B. and K. Mesquit bean. ■'• 

This species is very variable : the variety velutina, Sarg., is saicl to he 
the more useful timber variety,_ the tree reaching a height of 50 ft. and a 
diameter of 2 ft. (cf. R. S. Hole iii Ind. For. Records, vol. iv, pt. iii). P. juli- 
flora, DC, the typical variety (or species) is a small evergreen tree, usually 
unarmed ; it is cultivated in northern India, hut not extensively. Var. 
glandulosa, Sarg. (P. glandulosa, Torr.), is a small or moderate-sized deciduous 
tree armed with stout scattered axillary thorns : it appears to have been first 
introduced intolndiain 1877 from seed obtained through Kew, and insome of 
the clrier parts of India has proved of great importance for ailorestation work, 
for which purpose it deserves further attention. It is recommended for plant- 
ing shifting sands in dry localities. It is also a useful source of supply of fuel, 
of famine fodder, and of food for man in times of scarcity, the pods being 
sweet and edible. 

Its natural distribution, according to Bentham, 1 is ' west tropical and 
sub-tropical North and South America ; very abundant from Buenos Ayres 
and Chile, along the Andes, to Mexico and Texas, and frequently planted ', 
In North America it is ' one of the characteristic trees of the lower Sonoran 
Zone, an area where the cbnditions as to rainfall and climate range from arid 
to semi-arid, that is, the rainiall varies from less than 10 to about25 in. 
per annum \ 2 

In Jamaica the tree is known as ' cashaw ', and is described as ' an 
admirable tree (often attaining a height of 40 to 60 ft.) to grow in dry gravelly 
soil, and in situations where rain does not fall for months together. It is fast 
growing : the timber is excessively hard and of a remarkably durable character. 
It is used for making knees of boats and all work recjuiring strength and 
tenacity. Posts of cashaw in wire fences last longer than any other, and are 
in great request for that purpose. . . . The pods are of a sweetish succulent 
character eagerly sought for by cattle : indeed in some parts of this island 
during droughts they subsist largely on them.' 3 

In India it has succeeded admirably in dry regions, reprodueing some- 
times in profusion by seed and by root-suckers : in damp localities, however, 
the seedHngs are apt to die off in the hrst rains, being susceptible to an excess 
of moisture. In Sind it has proved a most useful sand-binder, and has been 
grown there since 1878. It may be seen growing in profusion about Miani 

1 Miinoseae in Trans. linn. Soc, vol. xxx, 1874. 

2 U. S. Dept. Agric. Bull. 16, J. G. Smith, 1899, p. 18. 

3 Ind. Porester, x (1884), p. 293. 
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near Hyderabad. Eor raany years inroads of drifting sand gave rnuch trouble 
in this plaee, but it bas reproduced naturally over the Miani plain through seed 
distributed by goats, which eat the pods ; as a result it has fixed the sand 
and has formed an efficient screen against further inroads of drifting sand. 
It has also done well in Baluchistan, where it haa been found to resist drought 
admirably. 

In northern India the seecl ripens in May and June. Seedlings can best 
be raised in flower-pots, several seeds being sown in each pot. When about 
4 in. high they are transferred singly to sraall pots, and planted out in the 
monsoon, about August, after a good fall of rain. Direct sowings are also 
successful. 

Mr. R. N. Parker has published the following interesting note on tlie tree 
in the Punjab : x 

1 One striking peculiarity about the plant is that wherever large speciinens 
are seen in dry and arid districts, natural seedlings are almost sure to be found 
in abundance in the immediate neighbourhood. The tenclency of P. julijiora 
to spread naturally may be seen on the unirrigated strip of land betweon the 
canal and the plantation at Changa-Manga . Here the rainf all averages 1 5 inches 
and the strip of lancl referred to carries a sparse growth of the trees which 
were found in this district before the plantation was made, i. e. Prosopis 
■spicigera, Gapparis aphylla and Sahadora oleoides. A few trees of P. julijlora 
were planted some years.ago iu this strip and they are spreading rapidly, the 
seedlings being in places so clense that it is dirncult to walk through them. 
Cattle graze here daily, but plants within easy reach show no signs of having 
been browsecl. Seedlings of the indigenous trees it may be remarked are 
conspicuous by their absence. P. julijiora keeps to the unirrigated grouncl and 
shows no inclination to spread into the plantation. 

' In Khushalgarh, in what once was the componnd of a P.W.D. build- 
ing but which now is the most acoessible portion of the village grasring ground, 
there are two P. juli;fl,ora trees about 2 ft. in girth and 25 ft. high. A few 
root-suckers of Gapparis aphylla badly browsed by goats and a soit sanclstone 
rock describes the growing stock and soil of the surrounding waste. The raintall 
is, I believe, about 18 inches. hi spite of these unfavourablc conditions, seed- 
iings of P. jidijtora are plentilul around the large trees and exteii(l soine 
distance away into tlie village waste. 

' In the Pabbi reseiwe P. j'idiflora lias been successfuily used in reboisc- 
ment works and has made considerably faster growtli than Acacia. modesta, 
with which it has as a rule been mixed. Regeneration of P. julijlora is freq uent 
in the Pabbi reboisement area, whereas natural seedlings of the indigenous trees 
are ditncult to find. P. julijlora was tried many years ago at Gujranwala. 
I have not seen the original trees, but along the railway line all the way from 
Gujranwala to the Pabbi Hills natural seedlings of P. juliflora may be scen at 
frequent inteiwals. P. juliflora has certainly come to stay in the Punjab and 
it is likely to be a common tree in all the ctrier distriets in time. 

' I have grown P. julijlora on a small scale almost every year sinoe .1 900, 
mainly without much success, but as iailures often teach us more than success, 
I mention some of them. In 1906-07 I tried P. jnliflora at Nnrpur, clistrict 
Kangra. The plants grew well as long as they were in pots, but on being 
plantecl out they did badly ancl none were left when I visited Nur])ur in 
October 1912. In Nurpur the rainfall is 67 inches, but the plants were tried 
in a dry well-drained plaee. In the winter of 1907-08 I planted some plants in 
a hedge of Agaves at Phillaur. The plants were not waterecl at all, but I saw 
them on the 30th June, 1908 (therains brokenext day), andtound themall doing 

1 Ind. lorester, xxxix (1913), p. 320. 
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well. I looked for these plants when I next visited Phillaur in July 1912, hut 
found very few left, and these had made poor growth. A few hundred yards 
off there was a natural seedling of P. juliflora growing in a field, and the growth 
made by this plant in the four years 1908-12 was very niarked. The 
rainfall in Phillaur is about 30 inches. In 1909 I tried P. juliflora in a grassy 
blank in one of the scrub forests in Hazara. I saw the sowings about a year 
later and found that the plants had made very poor growth and gave little 
promise of surviving. In this case the rainfall was 30-40 inches. 

' The spread of P. juliflo7-a over grass-lands iu parts of America has been 
attributed to the stocking of the country with cattle, which graze down the 
grass and weaken it, and thus enable the tree to compete successfully against 
it. In the cases of failure with P. juliflora mentioned above there was a fairly 
heavy grass growth and protection from grazing ; and it seems that this may 
have been responsible for the bad results. The rainfall could not have been 
responsible except perhaps indirectly by favoring the growth of other plants, 
as the natural seedling in Phillaur showed. This seedling was in a place 
where grass and jungle were kept down by cattle. Cattle and even goats 
seem to do little harm to P. juliflora, and I have often been surprised to see 
the leaves untouched, although within easy reach of cattle and at a time 
when there is little green fodder available. 

' As regards frost-hardiness, I have seen seedlings pass through a winter 
at Abbottabad (4,000 ft.) uninjured, so that it may be regarded as quite 
hardy anywhere in the plains of India. 

' The habit of P. juliflora is peculiar : most of the trees and all the natural 
seedlings I have seen branch at ground level, giving severa| .erooked branches. 
. . . There is, however, an erect f orm, and the two big specimens in Khushalgarh 
had an upright habit not unlike that of Acacia arabica. This form, however, 
is not constant, as the seedlings from the Khushalgarh trees all showed the usual 
crooked habit. 

' As regards the rate of growth of P. juliflora, G. B. Sudworth says in 
" Forest Trees of the Pacinc Slope" : "The tree is unquestionably long lived, 
though of exceedingly slow growth. Trunks 10-12 inches in diameter are from 
100 to 125 years old, while the larger trunks occasionally found are likely to 
be very much older." This does not apply to the tree in India, as it has ouly 
been introduced some 35 years, and specimens 6-8 inches in diameter are 
not infrequent. . . . 

1 As a drought-resister I know of no trce to equal P. juliflora. It has 
been used with success to clothe some old brick-kiln mounds in the Govern- 
ment Agri-Horticultural Gardens, Lahore. The average rainfall in Lahore 
is 1 9 inches, and of this a large portion usually f alls in heavy showers on one 
or two days in the year and runs off the steep slopes of the mounds so that the 
trees have to manage with considerably less than 19 inches of effecfcive rain. 
Two years in succession of dencient rain has caused some of the plants on the 
top oi the mounds to lose the tips of their shoots, but although there must be 
fully 100 specimens I have not seen a single one that has died of drought. 
On the very top of one of these mounds a sowing was made in 1911. The 
seedlings were not watered, and the rainfall in 1911 and 1912 was 13 and 
14 inches respectively. When I last saw the place about a month ago, a good 
many plants were left. The place is much frequented, and the survivors all 
showed signs of having been trodden on, so that it is quite likely that those 
which died, died from having been trodden on and not from dencient moisture. 
Mr. Brown, Superintendent of Farms, N.-W. F. Province, tells me he has 
P. juliflora growing luxuriantly on the crest of a dry bank near Peshawar. 
Theplants were planted in February 1911, and were not watered; therainfall 
in 1911 amounted to 13 inches, and to 8 inches in 1912. The ability of this 
plant to withstand drought is astonishing, especially as it comes into leaf early 
in April and remains green right through the hot weather. 

2307.2 j, 
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' . . . Any one who has collected seeds of Indian Acacias or Albizzias 
must have noticed the large proportion attackecl by insects. With Acacia 
modesta in the Punjab it is not uncommon to find fully half the seed crop 
destroyed by \veevils. In the case of P. juliflora seed collected in India, I have 
never seen a single seed attacked. To this is perhaps largely due the profuse 
rcproduction of P.juliflora in suitable Iocalities as oompared with the indigenous 
trees. During the past 18 months I have received several consignments of 
P. juliflora seed from Mexico, and in each case found a very large proportion 
of the seed destroyed by weevils. It is evident that P. juliflora on being 
brought to India has left its natural enemies behind. The publicity given 
to the merits of this tree may perhaps lead to fresh consignments of seed 
being imported from America, and if this is done, care should be taken to see 
that the weevils are not introduced too. As seecl is procluced in abundance 
in India there is no need to import it from America, unless the object be to 
obtain other varieties than var. glandulosa. Last year over 60 maunds of seed 
was collected in the Pabbi Reserve, and several maunds coulcl be collected 
annually in Lahore or Changa-Manga.' 

2. XYLIA, Benth. 

Species 1. X. dolabrijorm.is, Benth. ; 2. X. wylocarpa, Roxb. 

1. Xylia (lolabriiormis, Benth. Ironwood of Burma, pyinkado. Vern. 
Pyinkado, pyin, Burm. (Pig. 153.) 

A very large deciduous tree. Leaves bipinnate with one pair of pinnae, 
each pinna with two to six pairs of leallets. Bark thin, yellowish or reddish 
grey, fairly smooth, exfoliating in irregular rounded plates. Woocl reddish 
brown, very hard, heavy and durable, extensively used for house and bridge 
construction and for railway sleepers ; it is one of the most important timbers 
in Burma. 

Under favourable conditions the tree reaches a height of 120 ft. and 
a girth of 12 ft. or more, but on poor ground it is stunted. 

Distribution and HABiTAT. Througliout tlie greater part of Burma and 
Arakan, ascending to 3,000 ft. In the Irrawaddy valley it extends as far uorth 
as 24° N. lat., bcing locally common in some of the torcsts of thc Shweli river 
drainage : in the Chinclwin valley it extends somewhat farther north, though 
its northernmost limit has not yet been accurately cletermined. It extends 
southward into Tenasserim, eastward into the Shan States, and westward into 
Arakan. It is probably most abundant, as well as most accessiblo, in tho 
extensive forests of the Pegu Yoma, thc low range of hills ruuning up the 
centre of Burma and iorming the watershed between the Irrawacldy and 
Sittang rivcrs. It is 1'ound in parts of the clry zone of Upper Burma, but 
here it cloes not attain large dimensions. In Arakan it occurs in many localities, 
often in belts or patches of varying extent. The quality is best in the Sando- 
way district, where the percentage of pyinkado in the crop is usually higher 
than it is in most parts of Burma ; on the islands, and in the eastern part 
of the Akyab district, the trees are often stunted and badly shaped. 

Pyinkado is found both on hilly ancl on flat ground, but particularly ou 
the former, attaining its best development on the lower slopes of hills aud 
in well-drained valleys. It thrives best on deep moist porous loam and rectuires 
good drainage, for which reason its occurrence on flat ground is clecideclly 
local, being conhned to well-drained areas, preferably with a slightly undulating 
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suriace ; it avoids low-lying flat ground subject to inundation. The tree is 
found on a variety of geological formations. On the sandstones and shales 
of the Pegu Yoma, producing a deep sometimes sandy loam, it thrives extremely 
well. In the Chindwin valley it is found, often of large size, on sandstone 
and conglomerate with occasional shale, clay, or limestone. In the Ruby 
Mines district it occurs to some extent on limestone, sandstone, slate, and 
shale. Mr. G. R. Jeffery x attributes its local occurrence in this district to 
the f act that it avoids saline and ferruginous soils : thus, although it is present 
and abundant in the Hintha and Ondok blocks, it is wholly absent from the 
neighbouring Kyauktaung block, where the soil is largely saline and ferru- 
ginous. In the Madaya drainage of the Mandalay district it occurs ou gneiss 
and occasional limestone, while east of the Sittang river it is found on gneiss 
and granitic schist. In the Thaungyin valley of Tenasserim it occurs on argil- 
laceous sandstones and shaies, on igneous or metamorphic rocks and on 
limestone. In various localities it grows on recent alhwium, provided the 
drainage is good. In the dry zone of Upper Burma it is found to a very 
limited extent and of small size on sandstone with alternating thin bands of 
shale. Throughout its distribution it occurs locally and in stunted form on 
laterite in th'e dry dipterocarp forest known as indaing. 

In the natural habitat of the tree the absolute maximum shade temperature 
varies from 100° to 113° E., and the absolute minimum from 40° to 55° F. 
As regards rainfall requirements, it is actually found in limited quantity in 
the dry zone of Upper Burma in places where the normal rainfall is as low as 
30 in., though here it reaches only a small size. It may be said in general 
that where the rainfall is less than 45 in. it does not attain large dimensions, 
while it grows best with a rainfall of 60 in. and over ; actually it is known 
to grow extremely well with a rainfall of 120 in., and no doubt it thrives in 
even wetter localities. 

The tree occurs in five broad types of forest : (1) upper mixed deciduous 
ibrest; (2) lower mixed deciduous forest; (3) evergreen forest; (4) indaing 
forest; and (5) scrub forest of the dry zone. 

1. Upper mixed deciduous forest. This is by far the most important 
type, and the one in which the trees are found in the greatest abimdance 
and attain the largest dimensions. This type is characteristic of hilly country, 
the hills being often little more than comparatively low spurs, as on the outer 
fringes of the Pegu Yoma (see Fig. 155) : it is the type whioh comprises the 
great bulk of the more important teak forests of Burma, and is in the great 
majority of cases characterized by the presence of bamboos. There are many 
sub-types of this type ; these can be classined to a large extent according 
to the moistness or dryness of the f orest, the bamboos being the best indicators. 
The moistest sub-type is that which verges on evergreen, and often contains 
little or no teak ; in this sub-type, which is well developed in the moister 
regions of the Pegu Yoma, pyinkado is sometimes so abundant as to become 
practically gregarious. This sub-type merges into the typical moist mixed 
deciduous sub-type and thence through various stages into the driest sub-type 
of mixed deciduous forest. The typical bamboo of the driest sub-type is 
1 WorMng Plan for the Hintha, Ondok, and Kyauktaung Reserves, Ruby Mines Division, 
1908. 
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Dendrocalamus strictus, while Bambusa- Tulda is also found in dry forest, 
though it estends also into the moister sub-types. Other typical bamboos of 
the upper niixed deciduous forests are Bambusa polymorpJia, CepJialostacJtyum 
pergracile, OxytenantJiera albociliata, Dendrocalamus longispatJius (moist valleys 
iu tlie Pegu Yoma), and TJiyrsostacJiys Oliveri (Upper Burma). The pyinkado 
probably reaches its tinest development in upper mixed forest of the moister 
sub-type, in which Bambusa polymorpJia grows in greatest Iuxuriance. In the 
Pegu Yoma some of its more important associates in the upper mixed type 
are Tectona grandis, Lagerstroemia Plos-Reginae, L. tomentosa, L. villosa, 
Homalium tomentosum, Terminalia tomentosa, T. Cliebula, T. pyrifolia, Stercidia 
spp., Adina cordijolia, A. sessilifolia, StepJiegyne diversifolia, Bombax insigne, 
Spondias ma.ngifera, Odina Wodier, Dalbergia cultrata, D. ovata, Plerocarpus , 
macrocarpus (in dry forest), Cassia Pisiula, Albizzia odoraiissima, Acacia 
CatecJm (in drier types), ScJdeic/iera trijuga, Berrya Ammonilla, Eugenia Jam- 
bolana, Gmelina arborea, Vitex pubescens, V. glabraia, Premna tomentosa, and 
Anogeissus acuminata. In moist types verging on evergreen forest Diptero- 
carpus alatus makes its appearance, while in the drier types approaching 
indaing in character the most important trees are Pentacme suavis and Sliorea 
obtusa. There is a further variety of dry forest without bamboos, exempliiied 
in parts of the Pegu Yoma, locally known as tJritJcyin forest, which is eharac- 
terized by an extremely plentiful advance growth of pyinkado, and in which 
the most characteristic species, apart from Xylia, are Tectona grarulis, Ter- 
minalia tomentosa, Homalium tomentosum, and Lagerstroemia Flos-lleginae. 

In the Chindwin drainage most of the above-mentioned species are also 
found. In the southern part of this drainage Acacia CatecJiu and Pterocarpus 
mncrocarpus are fairly common. The chief bamboos are CepJmlostach.yum 
■pergracile, Dendrocalamus strictus, Bambusa Tulda, and Dcndrocalamus Bran- 
disii. Bambusa polymorpJia is very rare and local. 

In the Ruby Mines district pyinkado, though somewhat loeal, is plentiiul 
in some localities. It is found in three main types of forest : (i) on icrtile 
sometimes rather dry slopes with Tectona grandis, Terminalia tomcntosa, 
T. Cliebula, Vitex pubescens, V. alata, Pterocarpus macrocarpus, Anogeissus 
acuminata, Adina cordifolia, Pentacme suavis, Odina Wodier, Stercidia versi- 
color, S. viUosa, &c, tho chief bamboos being Dendrocalamus stricius, TJiyrso- 
stacJtys Oliveri, and CepJialostacJiyum pergracile ; (ii) on Aats in bends of streams 
with Tectona grandis, Lagerstroemia Plos-Reginae, Tetrameles nudiflora, Adina 
cordifolia, Anogeissus ■acuminata, Terminalia tomentosa, and Pterocarpus macro- 
carpus, the chief bamboos being Bambusa Tulda and Oxylenantliera albociliata, 
and there is often a dense undergrowth of thorny elimbers ; (iii) in poor open 
bamboo forest, chieily of Dendrocalamus strictus, and occasionally TJiyrsostacJtys 
Oliveri and CepJialostacJiyum pergracile, on dry shallow soil, where the trees 
attain small dimensions ; here the principal associate species are Terminalia 
tomentosa, T. Oliveri (in drier parts), Pterocarpus macrocarpus, Diosp>yros 
burmanica, Acacia Catechu, Adina cordifolia, Odina Wodier, and others, and 
there is often a dense thorny undergrowth of such shrubs as Harrisonia 
Bennettii and Cratoxylon prunifolium. 

In the Madaya drainage of the Mandalay district pyinkado is associated 
with numerous deciduous species, such as Tectona grandis, Pterocarpus macro- 
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carpus, Terminalia tomentosa, Gmelina arborea, &c., with Pentacme suavis and 
Shorea obtusa in the drier parts ; the chief bamboo is Thyrsoslactiys Olmri, 
with Dendrocalamus strictus on dry areas. 

In the Thaungyin drainage of Tenasserina the most important pyinkado 
tracts are the semi-rnoist and dry mixed teak-bearing forests, which are found 
partly on hill slopes and ridges and partly on flat alluvial ground with sandy 
soil along the Thaungyin river ; in the former areas Dendrocalamus strictus 
is the prevailing bamboo. Pyinkado of large size is plentiful in all the semi- 
moist forests, especially along the Thaungyin river, its chief associates being 
Tectona grandis, Terminalia tomentosa, Lagerstroemia Flos-Eeginae, L. tcmen- 
tosa, Adina conlifolia, Gmelina arborea, Pterocarpus macrocarpus, Homalium 
tomentosum, and Odina Wodier ; the principal bamboos, besides Dendrocalamus 
strictus, are Oxytenanthera albociliata, Dendrocalamus Brandisii, Cephalo- 
stachyum pergracile, Bambusa Tulda, and B. arundinacea. Pyinkado is also 
found to a limited extent in moist forest containing no teak, which oecurs 
chieny on the higher moist slopes on the east of the Meplĕ-Thaungyin water- 
shed ; this forest is characterized by a dense undergrowth of bamboo, chieny 
Oxytenanthera albociliata. 

2. Lower mixed deciduous forest. So far as pyinkado is concerned this 
type is of less importance than the upper mixed forest. It occurs on the flat 
usually alluvial ground of the plains, and merges to some extent into the 
upper mixed type or into evergreen forest or, where laterite occurs, into 
indaing forest. Pyinkado is not found on the low-lying portions of the alluvial 
plains, where the forest merges into savannah types, but occurs only where 
the drainage is good. Its chief companions are Tectona grandis, Lagerstroemia 
Plos-Eeginae, L. macrocarpa, L. tomentosa, Terminalia tomentosa, T. belerica, 
T. Ghebula, T. pyrifolia, Homalium tomentosum, Adina cordijolia, A. sessili- 
folia, Stephegyne parvifolia, S. diversifolia, Oareya arborea, Odina Wodier, 
Bridelia retusa, Eugenia Jambolana, Berrya Ammonilla, Eriolaena Candollei, 
Schleichera trijuga, Dalbergia cultrata, Anogeissus acuminata, Diospyros ehre- 
tioides, Vitex glabrata, and Dillenia pentagyna. Bamboos are usually absent, 
though in some localities Bambusa Tulda occurs along watercourses. 

3. Evergreen forest. Although tropical evergreen forest is very frequently 
found without pyinkado, the tree nevertheless occurs in this type, in common 
with other large deciduous trees such as Tetrameles nudiflora, Sterculid alata, 
Artocarpus CMplasM, and A. Lakoocha, as well as lofty evergreen species 
such as Dipterocarpus alatus, Hopea odorata, Anisoptera glabra, and others, 
all these forming an upper story over a dense growth of evergreens of many 
species, with palms and canes. It is probable that this type represents in 
many cases a progressive succession from deciduous to evergreen forest, and 
this is borne out by the fact that pyinkado-bearing types intermediate 
between the deciduous and the tropical evergreen forest are met with, and 
that in the latter the pyinkado may be represented only by large trees which 
have ,survived from the ibrmer moist deciduous f orest. Mr. A. E. Boss x notes 
an interesting fact regarding the encroachment of evergreen forest and its 
effect on teak and pyinkado in the forest of the lower Thaungyin drainage 
in Tenasserim. It was noted that on the edges of evergreen forest within the 

1 Working Plan for the Lower Thaungyin Working Circle, 1909. 
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hre-protected area the evergreen species appeared to be spreading. Several 
pyinkado, teak, and other moist iorest species were found standing dead in 
the evergreen near its edge. Many of these trees still had their bark on and 
had evidently been chokecl for want of light. Parther in, dry stag-headed 
trees and fallen trees of these species were occasionally met with. 

4. Indaing forest. This type of dry dipterocarp forest occurs on laterite 
or gravel, among its most characteristic species being Dipterocarpus tuber- 
culatus, Pentacme suavis, Shorea obtusa, Melanorrhoea usitata, Buclianania 
latifolia, Dillenia pulclierrima, and Diospyros burmanica. Pyinkado is some- 
times fairly plentiful in this type, but the trees are always stunted, and this 
forest cannot be regarded as an important pyinkado-bearing type. 

5. Scrub forest of the dry zone. Pyinkado is not a typical tree of the 
dry zone of Burma, but is met with to a very limited extent in the better 
types of dry zone scrub forests on sandstone with alternating thin bands of 
shale, though it attaina only small dimensions ; its chief companions are 
Pentacme suavis, Sliorea obiusa, Terminalia tomentosa, T. Oliveri, Tectona 
Hamiltoniana, Acacia Gatechu, A. leucophloea, Gassia renigera, Buclianania 
latijolia, Odina Wodier, Diospyros burmanica, and Schleichera trijuga. 

Some ngures may now be quoted showing the prevalence of pyinkado in 
different forest tracts. The proportion of this species in the lowcr inixed 
forests is comparatively small, the highest percentage recorded being 9-4 for 
the Kangyi reserve of the Zigon forest division. Some of the plains forests, 
however, owhig to their accessibility, have been heavily worked in tho past, 
and tigures regarding tliese forests may be misleading : thus the Satpok 
reserve in Tharrawaddy, with only 3 per cent. of pyinkado, contains numerous 
stumps of that species. The case of the upper mixed ibrests is dif'fereiit, for 
working plan enumerations have been carried out over extensive areas whcre 
pyinkado had not previously been worked, and the figures obtained indicato 
that in many cases, particularly in the moister types of mixed forest, pyinkado 
is more numerous than any other species, often approaching gregariousncss. 
The following instances may be quoted of sample plots specially rich iu 
pyinkado : 
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Outside the Pegu Yoma the richest pyinkado tract hitherto examined is 
the Nwa working circle of the Myittha forest division in the Chindwin drainage, 
where enumerations showed an average for the whole traot of 490 pyinkado 
trees 3 ft. and over in girth per 100 acres, this species forming no less than 
24 per cent. of the total growing stock. 
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The tigures furnished by working plan enumerations in the Pegu Yoina 
are given in the statement on the next page. The ngures no doubt contain 
many discrepancies owing to the inclusion in certain cases of Karen areas, teak 
plantations, or types of forest in which pyinkado is scarce or absent, but even 
allowing for these discrepancies the hgures are interesting. The statement 
shows the various forest blocks on either side of the watershed placed opposite 
each other in their correct geographical positions. In this large unbroken 
tract of forest running north and south, measuring about 220 miles in length 
and averaging about 25 miles in width, the forest is of a dry type in the north, 
becoming moister towards the south ; again, the forest on the western side 
is drier than that in the same latitude on the eastern side. The statement 
clearly shows in a general way the increase in the cpuantity of pyinkado on 
proceeding from the drier to the moister types, whether from north to south 
or from west to east. 

LEAr-SHEnDiNG, ploweeing, and eruiting. The leaves fall about 
February and the new Ieaves appear about April-May. The globose heads 
of small yellowish rlowers appear in March-April, and the pods ripen riext 
December-January,' dehiscing on the tree, the hard woody valves bursting 
open elastically and curving back ; the pods fall at the time of or not long 
aiter dehiscence, and have usually all fallen by May. The pods are 4 to 6 in. 
long by 2-2-5 in. broad, brown, flat, woody, faleate-oblong, containing six to 
ten seeds. The seeds (Kg. 154, a) are nat, ovate, oblong, or nearly orbicular, 
0-4-0-7 in. by 0-35-0-5 in., brown, smooth, shining, with a moderately hard 
testa. The percentage of fertility is high, and gerinination takes place readily ; 
the seeds retain their vitality well for at least a year if kept dry. Occasional 
bad seed-years occur, but good seed-years are frequent enough to secure 
ample regeneration where other conditions are favourable. 

Geemwation (Fig. 154, b-e). Epigeous. The radicle emerges and 
descends rapidly ; the hypocotyl arches at nrst and elongates, soon straighten- 
ing and raising the cotyledons above groimd. The testa is either left in the 
ground or carried up over the cotyledons, dropping with their expansion. 

The seedlwg (Fig. 154). 

Boots : j)riniary root long, moderately thick, terete, tapering, wiry, white 
or pale yellow at m-st, turuing brown, glabrous or minutely pubescent when 
young : lateral roots fairly numerous, at'first short, affcerwards long, Abrous, 
distributed down main root. Hypocotyl distinct from the root, 1-2-3 in. long, 
terete, tapering slightly upwards or fusiform, white turning green, minutely 
pubescent. Gotyledons : petiole 0-1 in. long or less : lamina 0-7-0-9 in. by 
0-5-0-7 in., broadly elliptical or obovate, apex rounded, base sagittate, entire, 
neshy, glabrous, upper surf ace nat or slightly concave, lower surf ace convex, veins 
not distinct. Stem erect, woody, green turning brown, young parts pubescent ; 
mternodes 0-3-1-2 in. long. Leaves compound, first pair opposite, usually 
with one pair, rarely two pairs of leatlets, sometimes trifoliate, subsequent 
leaves alternate with 1, 2, or 3 pairs of leaAets ; bi-compound leaves ordinarily 
commence to form in the second season. Stipules ujj to 0-2 in. long, linear 
lanceolate, acuminate. Rachis (tirst season) 0-6-5 in. long, pubescent, termi- 
nating in a fine bristle. LeaAets opposite, with petiolules up to 0-1 in. long, 
0-7-5 in. by 0-25-2 in., ovate, acuminate, entire, glabrescent above, pubescent 
beneath, terminal pair larger than remaining TeaAets, young leaves often 
copi^er-coloured. 
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Prevalence of XyUa dolabriformis in tlie Pegu Yoma forests procceding from 

north to south. 
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The growth of the seedling during the first season is only moderate, 
a height of 5-12 in, being ordinarily attained. In the second and subsequenfc 
years, however, the development under favourable conditions is rapid, as the 
measurements in the statement below will show. Growth is greatly stimulated 
by regular weeding and loosening of the soil, as well as by moderate watering : 
it is mucli impeded by weeds and by stiff soil, as the seedling recpiires good 
drainage and soil-aeration. 

Fig. 156 shows a plant towards the end of the second season, vigorous 
growth having been stimulated by regidar weeding and watering. 

A long taproot is developed at an early age ; it may reach a length of 
1 ft. in two months from germination and a length of 1-5 it. or more hy the 
end of the lirst season. In the middle of the second season a plant was dug 
up with a taproot 3 it. 2 in. long and 0-6 in. in diameter. The seedling stands 
comparatively heavy shade in its early stages. It is sensitive to drought as 
well as to irost. 

The table below gives a summary of measnrements in esperimental plots ' 
at Dehra Dun, in which the benehcial effects of weeding are clearly demon- 
strated. The rate of growth for a locality far outside the natural habitat of 
the species is remarkable. 



Xylia dolabrijormis : rate of growth of young plants, Dehra Dun. 



Condition under which grown. 

(1) In nursery, weeded and watered 

(2) In nursery, weeded and watered 

(3) In nursery, weeded and watered 

/ (4) Broadoast sowing (seed lightly 
covered), irrigated, weeded 
(5) Broadcast sowing {seed lightly 
_ J coTered), irrigated, not weeded 
;_. ] (6) Broadcast sowing (seed lightly 
< covered), unirrigatcd, weeded 



(7) Broadcast sowing (seed lightly 

oovered),unirrigated,notweeded 

(8) Natural conditions (seed scat- 

tered on surface of ground), uot 
weeded after sowing— in open 

(9) Natural conditious (seed soat- 

tored on suriace of ground), not 
weeded after sowing — in open 

(10) Natural conditions (seed scat- 
tared on suriace of ground), not 
weeded aftei sowing— in slight 
shade 

(11) Natural conditions (seed soat- 
tered on surfaoe of ground), uot 
weeded nf ter sowiug — in heavy 
ahade 



Ist season. 

Oft. 3in.-0ft. 6in, 

0ft. 4in.-0ft. llin. 

Masiraum ft. 11 in. 

Masimum ft. 7 in. 

Maximum ft. 6 in.< 

Maximurn ft. 9 iu. 

Maximurn f t. 6 in. 
Maximum ft. 5 in. 



0ft, 2in.-0ft. Sin. 
(impeded hy weeds) 

Oft. 3in.-0ft. 5in. 



0ft, 3in,-0ft. 7in. 



Height at end of season. 
2nd season, 3rd season, 



Masimum 3 ft. 9 in, 
6ft. 3in. (oneplant) 

Oft. 8|in.-4ft. Oin. 

0ft. 4iu.-l ft. 5in. 
(impeded by weeds) 
Oft. 9in.-5ft. lin. 



Oft. 3in.-0ffc. 11 in. 
(impeded by wceds) 
All Idlled by drought 



11 ft. lin, 
(girth 6 in ' 



4th aeaaon, 



17 ft. i in. 
(girth 10 in.) 



12 ft. 6in. (girth 
(tin. at 4ft. from 
ground) 



Mg. 157 shows in a strilring manner the effect of regular weeding. A plot 
was sown broadcast : no watering was done, but the portion to the left of 
the staff was regularly weeded, the soil being kept loose, while the portion 
to the right of it was left unweeded. The effect of the weeding after fifteen 
months is very marked, 



410 XXIII. LEGUMINOSAE 

Silvicultueal charactees. The tree is a shade-bearer, particularly in 
youth, although in thia respect it cannot compete with the more shade-bearing 
evergreens. It is sensitive to drought in youth. Eor its best development it 
requires a moist, deep, well-drained soil ; it is sometimes found on dry shallow 
soils, where, however, it never reaches large dimensions. Owing to its thin 
bark it is readily hrjitted by fire, large wounds clue to this cause being frequently 
found at the base of the tree, as shown in Eig. 155. The tree is attacked by 
a parasitic fungus, Fomes fulvus, Eries, the spores of which probably gain 
adnrission through wounds (see Indian Forester, xxvi. 19 and 160). The tree 
coppices well up to a moderate size : it is not known if it produces root-suckers 
lihe the Indian species. 

Natural REPRODircTloisr. Experiments at Dehra Dun gave the following 
results : (1) Gennination takes place very readily at the commencement of 
the rainy season. (2) Bare ground favours germination, but if the ground is 
hard the germinating seedling is liable to dry up before the radicle penetrates 
the soil ; loosening the soil greatly helps matters. (3) Mortality also takes 
place during gennination owing to (a) the rotting of the radicle or the seed 
in heavy wet weed-growth or on badly-drained ground, (b) the destruction of 
the radicle by birds and insects, (c) the drying up of the radicle or the swollen 
seed if esposed to the sun af ter gerrnination has started ; this is a very fruitf ul 
cause of death. (4) Under shade (other than that of heavy wet weed-growth) 
germination takes place readily, and the seedling can establish itself without 
dimculty ; in shady places the radicle may creep along the ground for some 
distance bef ore it gains admission to the soil, and even roots and leaves may 
form before the seedling gains a footing, which would be impossible in 
the sun. 

These results appear to indicate tbat natural reproduction is favoured by 
loose bare ground under shade where the ilrainage is good. The question of light 
necessary f or its establishment is considered below. 

In the f orest young pyinkado seedlings are often f ound in large quantities 
under tliese conditions. On the surface of a new road under construction 
through the Konbiliu f orest in Tharrawaddy, where the soil had recently been 
dug up and levelled, in June 1904 I obseiwed seedlings in countless numbers ; 
these were so munerous that it was impossible to walk without treacling on 
them at every step. In the saine forest pyinkado seedlings have ireciuently 
been obseiwed in q_uantity uncler the shade of teak plantations of diff erent ages. 

The eriect of hre-protection oii the natural reprocluction of pyinkado is 
often most pronounced, and annual reports frequently contain references to 
the quantity of seedlings appearing in rlre-protected f orests. It is an undoubted 
i'acb that in the moister types of deciduous teak-bearing forest in the Pegu 
Yoma teak is to a large extent being replacecl by pyinkado under the inrluence 
of hre-protection, which, while greatly assisting the reproduction of pyinkado, 
has a correspondingly adverse effect on that of teak. The stimulus given by 
hre-protection to pyinkado reproduction has been obseiwed in moist ancl dry 
upper mixed forest, both with and without bamboos, as well as in lower mixed 
forest. On the other hand, cases of good reproduction in areas annually 
burnt may also be obserwed, though such cases occur only where the 
state of the soil-covering is such as to preclude severe fires. The effect of 
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fire-protection, however, does not appear to be universally benencial, for cases 
are recorded, particularly from South Tenasserim, where owing to the tliick 
carpet of leaves, and possibly owing sometimes to the derlse undergrowth, the 
seedlings fail to establish theniselves in fire-protected forest. This appears 
to indicate that, as in the case of teak, when the type of forest passes a certain 
degree of moisture protection induces conditions adverse to successrul repro- 
duction ; this degree is passed at a considerably drier stage in the case of 
teak than in the case of pyinkado. 

Another factor of great importance to the establishment of pyinkado 
reproduction is light. • Although seedlings appear under fairly heavy shade 
and may even persist for a time, they become suppressed ancl killecl out unless 
a moderate amount of light is admitted. Operations carried out in Tharra- 
waddy to assist natural reproduction have shown, however, that if the overhead 
cover is opened out severely a heavy growth of grass and weeds tends to spring 
up in which pyinkado seedlings, though they may appear in large nurobers, 
become suppressed, while, on the other hand, if the cover is removed gradually 
weeds are prevented from coming in to the same extent and the advance 
growth of pyinkado grows rapidly : repeated weeding and cleaning in the 
earlier years is necessary, however, in order to bring up the young crop. 
Figs. 158 and 159 illustrate the manner in which natural young crops of 
pyinkado can be established in nre-protected forest by the gradual opening 
of the canopy combined with weedings and cleanings. Observations have 
been recorded in various localities regarding the quantity of reproduction 
which springs up in areas where felling and bamboo cutting have taken place, 
the disturbance of the soil no doubt assisting as well as the admission of light. 

Mr. T. W. Eorster, 1 writing of the effect of the admission of light on the 
reproduction of pyinkado in Tharrawaddy, notes that whcreas young pyinkado 
is well distributecl over areas where bamboos are absent, it is conspicuous by 
its absence in many bamboo areas except along the outer edges where side 
light has penetrated and in places where clumps have diecl after seeding. 
That seedlings do appeai' in large quantities in untreated bamboo areas may 
be realized from the following countings made in two plots : (1) area \ acre : 
seedlings present, 3,309, or 13,200 per acre ; (2) area 1 square chain : seedlings 
present, 1,088, or 10,800 per acre. In such cases, however, if sumcient light 
is not admittecl a very large proportion of these die off . The f ollowing countings 
on a linear suiwey 9 chains in length covering 1-8 acres in untreated bamboo 
iorest in the Mokka reserve show the extent to which the establishment of 
seedlings and saplings is prevented by the effect of overhead cover : 



Seedlings 1 ft. in height and ovor 
Poles 8 in,-l ft. in girtli . 
Trees 4-5 ft. in girth 
Trees 5-6 ft. hi girth 
Trees over 6 ft. in girth . 



3,691 
21 

2 

2 
2 



Within recent years special attention has been paid in some of the Pegu 
Yoma tracts to the question of obtaining natural reproduction of pyinkado. 
It has been demonstrated clearly that once their roots have become well 
established young pyinkado plants are capable of surviving severe burning 
almost as well as teak, and although burnt back they afterwards send ivp strong 

1 Ind. Porester, xsxviii (1912), p. 455. 
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vigorous shoots. This takes place even after severe hres in llowered barnboo 
areas. Experiments in Prome, Tharrawaddy, and Toungoo have shown that 
natural reproduction oan be securedin quantity by cutting bamboos and other 
growth in the vicinity of seed-bearers, in order to lighten the cover, and 
thoroughly hurning the cut material. Natural pyinkado seecllings appear in 
cmantity on the burnt ground ; therearter the area is nre-protected ancl the 
young crop is regularly weeded, while light is admitted gradually by the 
removal of the overwood. This results in the establishment of dense young 
crops of pyinkado. 

The immunity of well-established pyinkado seedlings irom destruction by 
fire indicates the treatment which would probably be successf ul in mixed teak 
and pyinkado crops. This would consist of encouraging pyinkado advance 
growth by a slight opening of the canopy near seed-bearers, accompanied by 
burning ; for some years the area would be fire-protected and the young 
pyinkado would be weeded if necessary until well established. A clear felling 
and burning of the area would then secure teak reproduction, while the young 
pyinkado, after being burnt back, would shoot up again irom the base. Further 
weeding of the young mixed orop would then be necessary until it is establishecl. 
It may be noted in this connexion that pyinkado reproduction often appears 
in teak taungya plantations in the form not only of seedlings but also of 
coppice-shoots from the bases of saplings which have been burnt back. 

Natural reproduction of pyinkado is sometimes found in great cuiantity 
in the rather dry type of forest known as thithyin alluded to above, containing 
few or no bamboos ; this reprocluction is the result of nre-protection, but the 
young plants are kept in suppression, and few succeed in making their way 
up unless the canopy is opened. 

Abtipicial repeoduction. Experiments at Dehra Dun have sliown that 
clirect sowing gives much greater suceess than transplanting from tlie nursery. 
Transplanting, if carried out carefully in rainy weather, was ibuncl to be 
successful with small plants in the nrst rainy season, but not with large plants 
in subsequent years. Pruning down the stem and the root did not prove 
successful, either in the tirst year or subsequently. 

The benehcial ehects of thorough weecling and loosening of the soii have 
already been alluded to under ' the seedling ', ancl hence line sowings, where 
these can be carried out most effectively, are indicated as likely to give the 
best results. 

In the Kyangin reserve of the Henzada forest division a mixture of tealc 
and pyiukado has been triecl with held crops in shirting cultivation (taungya) 
on a fairly extensive scale, but owing to the different requirements of the two 
species as regards germination the sucoess has not been great. Teak seed, in 
order to germinate successfully, reo.uires to be put in early in order to obtain 
the beneht of the alternating showers and hot sun at the commencement of the 
rainy season. Pyinkado seed, on the other hand, germinates with the hrst 
shower, and in an open taungya the germinating seedling is dried up on the 
next sunny day. To sow the pyinkado later when the rains have well set in 
would add to the cost of the plantation, and might be dimcult in practice. 
A small taungya plantation of pure pyinkado was formed in the Tharrawaddy 
division about 1900. This I saw in 1904, and the plants were few in number 
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and in poor condition : the surrounding forest contained pyinkado trees of 
good quality, and tlie poor condition of the plantation, in which the gronnd 
was covered with a thiclc growth of grass, was prohably due to this growth 
of grass, to unfavourable soil oonditions induced by the removal of the • 
forest cover, and to the exposure of the plants to the sun. The readiness 
with which natural reproduction of pyinkado sometimes springs up in teak 
plantations would indicate that it might be introduced successfully as an 
under-story in such plantations if the correct degree of light is obtained : 
sowings of pyinkado in lines between the lines of teak, after the latter have 
been sufficiently thinned out, should not be difficult to carry out. • 

2. Xylia xylocarpa (Roxb.), Hole in Ind. For., xxxviii. 463. Vern. 
Jamba, yerul, suria, Mar. ; Jambe, tiruwa, Kan. ; Irul, Tam. ; Tangedu, Tel. ; 
Irumulla, Jcada, Mal. 

A moderate-sized to large deciduous tree. Leaves bipinnate with one 
pair of pinnae, each pimia with two to six pairs of leaAets. Eark 0-2-0>5 in. 
thick, smooth, reddish grey, exfoliating in large irregular plates. Wood very 
hard, reddish brown, durable, liable to split in seasoning, used for house and 
bridge construction. 

The tree is considerably smaller than the Burmese species, seldom reaching 
a height of more than 60 ft. and a girth of more than 6 ft. ; in dry localities 
and on poor ground it attains much smaller dimensions than these, and pro- 
duces a somewhat crooked and nuted bole. 

Distbieution and habitat. This tree occurs in the Indian Peninsula, 
extending as far north as Bombay in the west, Orissa in the east, and the 
Balaghat district of the Cehtral Provinces in the centre. It extends southward 
to Travancore, but is absent from the south of that state. It is not found 
in the dry districts of the Deccan. It is plentitul throughout the deciduous 
forests of the Western Ghats, in the Belgaum and North Kahara districts of 
Bombay, and in South Canara, Malabar, and thenee south to Travancore. 
Here its most important companions are teak, Terminalia lomentosa, T. fani- 
culata, Lagerstroemia lanceolata, Dalbergia latifolia, Pterocarpus Marsupium, 
Adina cordijolia, and Schleichera trijuga. It is, however, a typically gregarious 
tree, often forming nearly pure crops, especially on abandoned cultivation. 
In the east of the Peninsula it is plentiful in some of the deciduous forests 
of the Godavari district, where it also becomes more or less gregarious. It is 
locally common in Ganj am. In the Puri district of Bihar and Orissa it occurs 
on low hilly country, where it is sometimes mixed with sal, forming pole crops. 
In the Central Provinces it is found locally in mixed deciduous foreets on hill 
slopes and in valleys in Chanda, Bhandara, Balaghat, Raipur, and Nagpur, 
sometimes forming dense pure young crops under teak and other species. 

The tree is found on various geological formations, such as granite, gneiss, 
mica schist, basalt, trap, quartzite, sandstone, and limestone, while it is some- 
times very plentiful on laterite, though on this formation it does not appear 
to attain large dimensions. 

In its natural habitat the absolute maximum shade temperature varies 
from 95° to 115° P., the absolute minimum from 37° to 62° ¥., and the normal 
rainfall from 50 to 180 in. or perhaps more. 

Leaj-shedding, flowbbing, and fe.uiting. The leaves fall about 
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Eebruary and the new leaves aj>pear in March or April, the Aowers appearing 
at the same time. The globose fragrant Aower-heads are yellowish white, 
0-5-0-7 in. in diameter, with numerous very small nWers. The pods commenee 
ripening next December, and the seed as a rule all Mls by March. The pods 
are brown, 4-6 in. Iong by 2-2-5 in. broad, flat, woody, 1'alcate-oblong, con- 
taining six to ten seeds. The pods dehisce on the tree, the hard woody 
valves bursting open elastically, curving backwards and ejecting the seeds. 
The open pods do not rernain long on the tree, and have usually all fallen by 
tlie end of May ; the hard valves may then be iound in guantity on the 
ground. <The seeds (Fig. 160, a) are flat, ovate, oblong or nearly orbicular, 
0-5-0-7 in. by 0-35-0-5 in., brown, smooth, shining, with a moderately hard 
testa. 

Germination (Eig. 160, b-d). Epigeous. The testa splits at one end 
and the radiele emerges and descends rapidly. The hypocotyl arches and 
elongates, soon straightening and raising the cotyledons above ground. The 
testa is usually oarried up over the cotyledons, falling to tlie ground with their 
expansion. 

The seedling (Fig. 160). 

Roots : primary root long, moderately thiok, terete, tapering, wiry, 
glabrous or minutely pubescent when young : lateral roots f airly uumerous, 
at tirst short, afterwards long, tibrous, distributed down main root. Hypocotyl 
distinct from the root, 1-5-2-5 in. long, fusiform or tapering slightly at the 
lower end, white turning green, minutely pubescent. Gotyledons : petiole 
0-05 in. long, thick : lamina 0-7-0-9 in. by 0-5-0-6 in., broadly elliptical or 
obovate, apex rounded, base sagittate, entire, Aeshy, glabrous, upper surface llat 
or slightly concave, lower surtace eonvex, veins uot distinct. Stern erect, woody, 
green turning brown, young parts pubescent ; internodes 0-3-1-2 in. long. 
Leaves cortrpound, nrst pair opposite, paripinnate, with two pairs of leatlets, 
subsequent leaves alternate with 1, 2, or 3 pairs of leaflets,very rarely trifoliato ; 
bi-compound leaves, with leahets up to six pairs, are ordinarily produced in 
the second season. Stipules up to 0-2 in. long, linear lanceolate, acumiuate, 
pubescent. Rachis (fh'st season) 0-8-5 in. long, pubescent, terminatiiig in 
a nne bristle. LeaAets opposite, with petiolules up to 0-1 in. long, 0-7-5 in. 
by 0-25-2 in., ovate or ovate laneeolate, acuminate, entire, glabrous above, 
pubescent on the veins beneath, terminal pair larger than remaining leatlets, 
young leaves often copper-coloured. 

Nursery-raised seecllings in Malabar reach a height up to I ft. in the first 
season, and between 2 and 3 ft. by the end of the second season. 

The seedling stands a good deal of shade when young, though when once 
established it benehts by the admission of light. Experience gained in sowings 
in Coorg shows that it is sensitive to drought. A long taproot is developed 
early, and niay attain a length of 1 ft. or rnore within a month of germination. 
As in the case of the Burmese species, the growth of the seedling is greatly 
stimulated by weeding. The young plants are not eaten by cattle. 

SrLvicuLTUBAL chabacters. The tree is a shade-bearer, particularly in 
youth : it owes its gregariousness in part to this charaoter, which enables it 
to gain a footing under the moderate shade of mixed deciduous forest, though 
it cannot compete with the heavy shade-bearers of the evergreen forests. 
Although it grows best on deep soil overlying sandstone and crystalline rocks 
it is usually inore gregarious on shallow soil on laterite, though here it does 




Fig. 160. Xylia xylocarpa. Seedling x J. 
a, seed ; b-d, germination stages ; e-g, development of seedling duriug iirst month. 
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not attain large dimensions. Bourdillon notes that in Travancore it does not 
seem to thrive well at the lower elevations where it is most common, but is 
badly shaped, rluted, and twisted, whereas at 1,500 ft. and upwards, wherc 
it is not so abundant, it attains a larger size : this may, however, possibly 
be due to geological formation and soil rather than to elevation. Opinions 
appear to vary as regards the fire-resisting power of this tree. l 1 albot attributes 
the defective unsound stems in the Bombay Presidency to forest tires : 
Mr. D. T. Barry, 1 writing of South Canara, says it withstands fire better than 
most speeies. The effect oi nre on natural reproduction is dealt with below. 

The tree coppices and pollards well, aiid produces root-suckers in abun- 
dance, particularly in burnt areas and where the roots are exposed. Coppice 
aud pollard experiments carried out in 1909 in North Chanda, in which cutting 
was clone in April, May, and June, gave the following results in the ease of 
Xylia as compared with teak : 

(1) Percentage of stools which produced coppice-shoots : Xylia 95 per 

cent. ; teak 97 per cent. 

(2) Percentage of success in pollarding : Xylia 85 per cent. ; teak 73 

per cent. 

Nattjral reprodijction. The seeds germinate with the early showers 
of the rainy season, and in May numerous young seedlings may be ibund on 
the ground with the cotyleclons still present. The natural reproduction of 
this tree is profuse throughout the greater part of its habitat, and in Bombay 
it threatens in places to oust more valuable species such as teak, blackwood, 
and Pte-roc-arpus Marsupiiim, forming pure young crops under the other trecs 
of the mixecl dcciduous forests, oiten to the ahnost complete cxclusion of 
other species. In the teak plantations of Nilambur in South Malabar young' 
crops of Xylia have appeared in cpiantity on the laterite areas where the teak 
develops poorly and has almost disappeared in places. In the Central Provinces 
natural reproduction has spreacl extensively in the mixed deciduous forests 
where seed-bearers are prcsent, forming dense pure crops under teak and other 
trees, and it is a question whether the tree will not yet prove to be noxious 
in preventing the reproduction of the more valuable species. In the majority 
of cases the spread of Xylia reproduction is directly traceable to hre-protection, 
its shade-bearing character ancl its immmiity from damage by grazing being 
of special assistance to it. In moist regions where the vegetation tends to 
assume a tropical evergreen character, however, lire-protection appears to 
have the reverse effect, favouring the sprcad of the more shade-bearing evcr- 
greens, to the detriment of Xylia reproduction- 

Natural reproduction springs up with great ireedom on abandonecl iields 
during the process of shifting cu]tivation, the sites of ibrmer cultivation bcing 
often marked hj pure patches of Xylia. This indicates its partiality for new 
soil, which f'avours the germination of the seed and the establishment of the 
seedling, as in the case of the Burmese species, and its capacity for contending 
sn.ccessfully against the second-growth species which appear on abandoned 
cultivation. 

Artipioial reprodtjotiok. Little appears to have been done so lar to 
1 Ind. Forester, xxxix (1913), i^. 30. 
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form plantations of this species, since its natural reproduction is as a rule so 
goocl. It has been raised experimentally in Coorg with the aid of shifting 
cultivation (kumri), hut the seedlings were found to suffer to some estent 
f rom drought. Possibly it requires to be grown under moderate shade for a time. 

Silyicitlttjral treatment. Hitherto the tree has been worked along 
with the other species associated wiih it either in some fozm of selection 
iellings or as coppice-with-standards. For the latter system it is suitable. 
The ease with which natural reproduetion can be secured, and the tendency 
of the tree to form even-aged pure crops, indicate that there should be little 
dimculty in treating it by concentrated high forest regeneration fellings with 
the object of producing even-aged crops. It oould also be employed usefully 
to form an under-story to other species of greater value, whether in planta- 
tions or in natural crops. 

Rate of growth, (1) Natural Ugh forest. The annual rings, though 
more or less visible, are not very distinct. Certain working plans in the North 
Kanara district of Bombay estimate the rate of growth by ring-countings. 
The f ollowing statement, prepared after reducing the ngures to girth measure- 
ments, obtaining average curves after plotting by rectangular co-ordinates, 
and including barh thicluiess, gives a summary of the results : 

Xylia xylocarpa : rate of growth in girth in high forest, ISTorth Kanara district, 

Bombay. 



























Yekambi- 








Ankola. 














Sonda high 




Supa fuel 


high 


iorest, 


Kalinaddi 


SopinhosalU 








forost, 




reserToa. 1 


Blocks xxiv 


slopes, 


high f orest, 


Ankola- 


Sirsi town 


Block 








and 


XXV. 8 


Block sxvi. 3 


BJock 


sxvii, 3 


Kuinta coast. 3 


tarasts. 3 


ssriii. 3 


Age. 


(1006) 


(1908) 


(1909) 


(1910) 


(1911) 


(1913) 


(1914) 


yaars. 


ft. 


in. 


ft. 


in. 


ffc. in. 


ft. 


in. 


ft. in. 


ft. 


in. 


ft. in. 


10 





6 





6 


7 





7 


6 





4 


3 


20 


1 





1 





1 2 


1 





1 





9 


7 


30 


1 


5 


1 


5 


1 6 


1 


5 


1 5 


1 


1 


1 1 


4.0 


1 


10 


1 


10 


2 


1 


9 


2 


1 


6 


1 7 


50 


2 


4 


' 2 


3 


. 2 6 


2 


2 


2 5 


1 


10 


2 1 


60 






2 


S 


2 11 


2 


7 


2 11 


2 


2 


2 7 


70 






3 


1 


3 5 


3 









2 


7 


3 


80 






3 


6 


3 10 


3 


5 






2 


11 


3 5 


90 






3 


11 


4 4 


3 


9 






3 


3 


3 10 


100 






4 


3 


4 10 


4 


2 






3 


8 


4 3 


110 






4 


G 


5 3 


4 


7 






4 





4 7 


120 






4 


10 


5 8 


5 









4 


3 


5 


130 






5 


1 


5 11 


5 


5 






4 


7 


5 4 


140 






5 


4 


6 2 


5 


9 






5 


10 


5 8 


150 






5 


7 


6 4 


6 


2 






5 


2 


6 


160 




, 


5 


10 


6 5 


6 


7 






5 


6 


6 3 


170 






6 

















. 


6 6 



1 Measureraenta by D. A. Thomson. ! Measurements by E. S. Pearson, 

3 Meaaurements by P. E. Aitcliison. 



(2) Planted trees. Bourdillon says measurements of trees planted at 
Malayattur in Travancore showed the following growth : 
Age 5 years, height 25 ft., girth 10 in. 
„ 10 „ „ 60 ft. s „ 22 in. 

Under favourable conditions, therefore, it appears that the tree is capable 
of very rapid growth. 

2307.2 n. 
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(3) Goppice. Measurements in coppice ooupes in the Karwar fuel reserves, 
West Kanara forest dhdsion, Bombay, gave the Mlowing results from the 
average curve after plotting : * 

Moan girth at 
Age in yeais. breast height. 

ft. in. 

5 6 

10 9-5 

15 1 0-2 

20 1 2-3 

Measurements in 1912-13 of coppiee-shoots one year old in the Bhandara 
forest division, Central Provinces, showed an average height of 6 ft. 8 in. 
for Xylia as against 7 ft. 1 in. for teak. Measurements hy Mr. H. Gass in 
1898-9 in coppice coupes in Kadike block, South Canara district, Madras, 
gaVe the f ollowing results : 2 

Xylia xylocarpa : coppice measurements, South Canara. 
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TMs important genus contains over twenty Indian species as well as somo 
introduced species, the three most important of the latter being the Australian 
trees A. decurrens, A. dealbata, and A. Melanoxylon. The Indian acacias are 
essentially xerophilous, occupying for the most part the dry and arid regions 
where the forests are often of the nature of open thorny scrub : sonie of tho 
species assume the spreading flat umbrella-like crowns characteristic of open 
serophilous woodland in the tropics, for example A. planijrons, A. Lalrommi, 
and A. leucophloea. The Indian tree species are essentially light-demanding, 
regenerating on open ground and being intolerant of suppression. Some 
species reproduce most freely on recent riverain alluvium, notably Acacia, 
Oatechu and A. arabica ; A. Farnesiana, an introduccd species, also runs wild 
gregariously in river-beds. Some species have indehiscent or tardily dehiscent 
pods, e. g. A. arabica, A. modesta, A. Senegal ; others have dehiscent pods, 
e.g. A. Catechu, A. Latromtm. The seeds of acacias as a rule retain their 
vitality for a considerable time. Germination is epigeous in all the spccies 
examined. 

Some species coppice well, for instance A. Gatechu, A. modesta, A. leuco- 
phloea, A. dealbata, A. decurrens ; others coppice with less freedom, and in 
some localities hardly at all, for example A. arabica and A. Mdanoxylon. 

Root-suckers are probably produced on occasion by most if not all species ; 
even A. arabica, which does not ordinarily produce suckers, does so ooca- 
sionally, while A. Gatechu does so sometimes when the roots are exposed. 

1 Working Plan for the Karwar Fuel Reservea, West Kanara Diyiaion, Bombay, 
D. A. Thomson, 1904. 

2 Inspeetion note, 1899. 
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Suokers are produced more freely by A. planijrons and A. leucophloea, and in 
proiusion by A. dealbata and A. decurrens. 

Species 1. A. arabica, Willd. ; 2. A. leucopldoea, Willd. ; 3. A. Gatechu, 
Willd. ; i. A. modesta, W&ll. ; 5. A. Senegal, Willd. ; 6. A. planifrons, W. and 
A. ; 7. A. Latronum, Willd. ; 8. A. Farnesiana, Willd. ; 9. A. eburnea, Willd. ; 
10. Australian acacias : (1) A. decurrens, Willcl, (2) A. dealbata, Link, 
(3) A. Melanoxylon, R.Br. 

1. Acacia arabica, Willd. Syn. Mimosa arabica, Lam. Babul Vern. 
Babul, Hind. ; Kihar, Pb. ; Babar, Sind ; Jali, Kan. ; Nella tuma, Tel. ; 
Karu uelam, Tani. 

A moderate-sized almost evergreen tree with a short trunk, a spreading 
crown, and teathery foliage. Bark dark brown, nearly black, pinkish brown 
and hard inside, with regular deep longitudinal nssures which very often run 
spirally up the tree. Young branches green, pubescent. Stipular spines 
straight, white, up to 2 in. long, variable, sometimes absent in old trees. 

The tree varies much in size, remaining little more than a shrub in some 
localities, and in others attaining a height of 50 to 60 ft. or even more, and 
occasionally a girth of 8 to 10 ft. Branclis says the largest girth recorded is 
16J ft. near Multan. 

Acacia arabica is probably the most important tree in the drier parts 
of Iudia. The sapwood is whitish and large : the heartwood is pink, turning 
reddish brown on exposure, hard and very durable if well seasoned. The 
wood is used for building, carts and carriages, wheel-work, agricultural imple- 
ments, boat-building, and many other purposes, and is an excellent fuel. The 
bark is extensively used for tanning. The pods are rich in tannin, and are 
also largely used as fodder for cattle, goats, and sheep. The leaves and twigs 
are used as fodder and the thorny branches as fĕncing material. The bark 
exudes a gum largely used in dyeing and calico-printing and f or native medicine. 
Lac is grown on the tree in Sincl. In the dry hot regions in which it grows 
it is a useful shade tree with its spreading evergreen crown, and although its 
shade is somewhat light it is frequently grown on camping grounds and along 
roadsides. 

Varib'X'ies. Several varieties of Acacia arabica have been distinguished. 
There are three ordinarily recognized varieties in India, wliich come true to 
seed : these are — (1) The typieal A. arabica with spreading shady crown and 
moniliform pods. This is the godi, teli, or telia babul, the wood of which is 
much prized : this variety is the one of most importance economically, and 
the. one extensively grown in plantations or natural forest crops. (2) Var. 
vediana, the vedi, kauadi, lcaora, kaidia, or Tcauria babul. As compared with 
the typical or telia variety this one is smaller, with a shorter bole, the bark 
is rougher and more hssured, with more pronounced exfoliation, the pods are 
flat and little constricted between the seeds and are on shorter stalks, the 
spines are more numerous, stouter and whiter and up to 2|- in. long, the 
crown is more spreading, while the branches are more twistecl and interlacing. 
The wood of the kauria babid is inferior to that of the telia, and is usually 
considered fit only f or Arewood, though in cases of necessity it is used as timber, 
particularly for agricultural implements : hence this variety is cut or weeded 
out wherever possible in fayour of the telia. This variety, which is common 

G2 
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in the Deccan, appears to be a xerophyfcic form of the typical variety. (3) Var. 
cupressi/ormis, the ramkanta or ramkati babul or Jcabuli kikar. This variety 
is recognized by its broom-like (cupressiform) ascending branches : the stem is 
tall and the branches are thin. It is found in parts of the Punjab, Sind, Raj- 
putana, and the Deccan, where it is fairly common in the Poona district. 
In Berar there is a religious prejudice against using its timber. The word 
ramhati signities Rama's kati or wand. 

The present account of this tree will relate to the telia, or typical variety 
uuless the contrary' is stated, since this is the important variety for forest 
purposes. 

-.^ODistbibutioit and habitat. General distribution. Acacia arabica is 
probably indigenous in Sind, Rajputana, Guzerat, and the northern Deccan ; 
it is cultivated or self-sown throughout most of the drier parts of India, but 
not in the extreme north-west of the Punjab, where the winter cold is too 
severe. It is not found in the moister regions. It has been introduced into 
parts of the dry zone of Upper Burma and has spread to some extent. It is 
essentially a tree of the plains, occurring on tlat or gently undulating ground 
and ravine country, but not extending into hilly regions. The tree is found 
also in*Africa and Arabia. 

^tjlimate. The babul is characteristic of dry regions, but will not thrive 
without irrigation if the climate is too arid. In regions where it is indigenous 
or has become naturalized the absolute maximum shade temperature varies 
irom 105° to 122° F., the absolute minimum frbm 30° to 60° F., and the normal 
rainfall from 3 to 50 in. In regions of low rainfall such as Sind, however, 
the existeuce of the tree is rendered possible only by river innndations : 
otherwise it is doubtful if the babul is capable of Aourishing with a rainfall 
of less than 20 in., in which connexion Talbot remarks : * ' Quite recently 
a very large area (over 50,000 acres) of reserved forest in the Poona district, 
where laborious efforts had been made over a long series of years to raise 
babul, had to be clisforested, as it was fouud that the rainiall was iiisuiricient, 
even in good soil, to produce anything but small, stunted, and decaying stems 
of verylittle climatic or economic value.' 

*-&oil. The two commonest types of soil on which the babul occurs are 
riverain alluviuin subject to inundations ancl black cotton soil. The former 
is exemplified on a large scale in Sind and to a lesser extent along the rivers 
of the Deccan. Black cotton soil is common in many parts of the Peninsula 
and in the southem part of the Indo-Gangetic plain. It is a stiff soil which 
absorbs large quantities of water in the rainy season, becoming sodden like 
a sponge : in the dry season it cbies and contracts, forming large deep cracks 
all over the surlace of the ground, and it is only by sending its long taproot 
down into the moister subsoil beneath that the young plant is able to survive 
the dry season and establish itseH . 

Apart iirom the two classes of soil mentioned, however, the tree is also 
frequently found on other types of soil, for example over large stretches of 
country on alluvial loam in the plains of northern India, on loamy soil in the 
Peninsula, and in tank beds in the Madras Presidency. In any type of soil, 
however, it is essential that there.should be a suriicient degree of permanent 

1 l?or. Mom Bombay, i. 482, 
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moisture in the soil and subsoil, for in this respect the bahul is exacting. 
Shallow soils with underlying sheet rock or beds of kankar have a stunting 
effeet : on such ground the hauria usually replaces the telia variety where 
both occur, and the same applies to saline soils. The capacity of the babul 
for existing on saline soils appears to depend 011 the presence of a considerahle 
amount of moisture in the soil. In Sind it cannot exist for any length of 
time on saline soil, but here this soil denotes a failing water-supply, a condition 
which is unsuitable for the growth of the tree in the dry climate of Sind. In 
Berar, according to Mr. Shrinivasidu Nayadu, 1 c the existence of soda salts to 
a large extent in the soil favours the growth of babul and its few associates 
to the exclusion of other trees.' Many of the sahne tracts, however, are on 
the alluvium along the Puma river, where there is a considerahle amount of 
moisture in the soil. That the babul can actually hourish in salt water, and 
that absence of soil moisture rather than salinity is probably the main reason 
f or its f ailure to grow on dry saline soils, is indicated from the following quota- 
tion from the Madras Forest Report for 1909-10 : ' The experiments conducted 
in Lower Godavari and Kistna for promoting babid growth on the saline soils 
have not been successful, but inspection showed precisely the detects. In 
Lower Godavari the area was blank ; it was evident that the water ran off 
almost at once. In Kistna the area was on a slope, the upper part blank, 
the lower part and hollows hlled with babul seedhngs, some of which, only 
one or two years old, were 5 ft. or 6 ft. high. It is evident, then, that if the 
water can be retained for some time, until the roots reaoh moisture level, 
babul will succeed. Nor is iresh water ttecessary below, for babul was found 
nourishing with its roots in pertectly salt water creeks.' The same is observable 
along brackish creeks near Bombay, where the tree is seen in close proximity 
to mangrove speeies. 

■-^Type oi? idrest. Acacia arabica is a typically gregarious tree, forming 
crops which are pure or in which it is usually the most prevalent specics. 
It is a strong light-demander, and the crops come up in even-aged groups 
or patches of varying extent. Forests of Acacia arahica are frec[ueiitly termed 
babul bans and sometimes babul meadows, the latter term referring to the 
grassy undergrowth so prevalent in forests of this speoies. Its companions 
vary in different localities : these, together with its mode of occurrence, can 
best bedealt with for di£ferent localities separately. 

^Stnd. Sind contains by far the most extensive babul tracts in India, 
the area of babul forest being roughly estimated at 172,000 acres, though this 
area is subject to constant change owing to river action. The babul tracts 
are situated on both banks of the river Indus. The distribution, and indeed 
the existence, of the babul in Sind is govemed by this river and its effect on 
the soil moisture, for climatically Sind is unsuitable for the growth of babul. 
In the regions where the tree is found the absolute maximum shade temperature 
varies from 116° to 122° F., and the absolute minimum from 30° to 40° F., while 
the normal rainfall varies from 3 to 10 in. Under ordinary circumstances it 
would be impossible for the babul to exist under rainfall conditions such as 
these, and it is to the annual inundations of the Indus that the babul forests 
owe their origin and existence. The intluence of the rainfall is of small 

1 Ind. IToreater, xxxv (1909), p. 493. 
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iinportance compared with tTiat of the Aoods. The Indus river, which is fed 
by the Himalayan snows and receives during its course through the Punjab 
plains the drainage of the four other large snow-fed rivers of that province, 
annually Aoods a large streteh of country on either bank. The flood season 
commences about the beginning of May with the melting of the snows and 
continues, with occasional interruptions, until July and sometimes later, the 
river thereafter subsiding until it reaches its winter level about the end of 
October. The extent and duration of the river Aoods vary greatly from year 
to year, and this variation has a marked inAuence on the conditions affecting 
forest growth. 

The poweiiul river action causes the formation of new land in the shape 
of fresh alluvial deposits, and the loss of much existing land through erosion. 
The new alluvial river deposits (known locally as kaclia ground) become 
denaely covered in one or two years with a growth of Tamarix dioica and 
T. Troupii from water-borne seed, and of kanh grass (Saccharum spontanemn). 
Where the grass is not too dense, seedlings of Acacia arabica soon make their 
appearance amongst the tamarisk, the seed being dropped by cattle or con- 
veyed by water : the tamarisk undoubtedly assists the babul to establish 
itself by protecting it from frost. The level of this new ground is gradually 
raised in course of time by subsequent alluvial deposits along its riverain 
edge, but as long as the land is subject to annual inundations the babul 
continues to nourish, other conditions being favourable. If, however, the 
tlood water is shut out or the ground becomes elevated above the reach of 
ordinary noods the babul commences to languish, and unless there is sumeient 
subsoil moisture by percolation from the river or from perennial canals the 
trees die off if the flood water is withheld for threo or four years : suffioient 
percolation from the river, however, is exceptional in ground not subject to 
tloods. It has been estimated that the minimum depth of surface nooding 
necessary for good babul growth varies from 2 inches 011 the stiiiest to 8 inclies 
on the most porous soils. Deeper rlooding is conimon, and the babul 
beiiefits rather tlian otherwise provided the water drains off at the end of 
the flood season, for prolonged immdation on low-lying ground is apt to kill 
off young plants which have been submerged. 

Although the most ilourishing babul forests are those which are now in 
riverain situations subject to annual Aoods, there exist also forests situated 
some miles 1'roni the river, the majority of which formerly received annual flood 
water. Within the past 1'orty years, however, embankments eonstructed by the 
Irrigation Department along both sides of the lndus have shut off the torests 
from their annual supply of flood water. To a large extent this has resulted 
in the disappearanee of the babul, its place being taken by the deep-rooted 
and hardier Prosopis spicigera. Where the babul has survived it is in a wealdy 
condition, except where it obtains a more or less adventitious supply of water 
irom the surplus drainage from neighbouring cultivation or from occasional 
breaches in the river embankmentsi Some of the forests are also irrigatecl 
from canals. Eor some years past steps have been taken to remedy this state 
of affairs by the construction of sluiees in the river embankments, connecting 
with distributary channels leading into the torests, and by the embankment 
of forest boundaries to head up water. Whether or not these works will prove 
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reniunerative remains to "be seen, but iu 1911 the Deputy Conservator of 
Eorests in charge of the Sind circle recorded tlie lollowing opinion : ' These 
schemes are bearing benencial results, but in my opinion their total cost, 
together with the large annual outlay required to maintain them in efficient 
order, will be found in the future to be out of all proportion to the revenue 
likely to be yielded by the forests concerned. These irrigation schemes are 
complicated in many instances by the necessity on the one hand of protecting 
adjoining cultivation from forest flood water, on the other hand of not inter- 
fering with the customary water supply of cultivation beyond forest liniits, 
and lastly by the diinculty of draining most of the f orests so irrigated, at the 
close of the flood season. When and if a solution of these difficulties can be 
f ound, it almost invariably implies greater expense, both capital and reciuTing. 
I would therefore recommend that all inland forests should be gradually 
discarded whenever opportunities occur of accpjirmg riparian areas instead, so 
as to maintain undiminished, and to increase if possible, the total area under 
1'orest, while at the same time abolishing the dimculties, expense, and inter- 
ference with more legitimate forest duties entailed by complicated schemes 
of irrigation. ' 

The alluvium of which the plains of Sind are formed consists of varying 
proportions of sand and clay, from pure sand to clayey loam. In places not 
subject to annual nooding patches of saline soil known as kallar often occur : 
sueh soil is produced by the evaporation of subsoil moisture containing salts 
in solution, resulting in the exudation of a whitish etnorescence on the surtace 
of , the ground, while the soil itself is usually darker in colour and moister 
than the normal soil. Babul does not grow on this saline soil where the salinity 
is at all marked ; it gives way to tamarisk, which in turn yields to Salmdora, 
while nnally chenopodiaceous plants such as Stiaeda /ruticosa and Salsola 
foetida mark the last limit of vegetation when the salts become too concentrated 
for the existence of other species. 

Acacia arabica is far more plentiful in lower Sind than in upper Sind. 
In the latter it is replaced to a great extent by the hardier Prosopis spicigera, 
owing no doubt principally to tlie greater intensity of the frost, the climate 
of lower Sind being milder owing to its proximity to the sea ; also the duration 
and extent of the river inundations is greater in lower than in upper Sind, 
and this lurther innuences the distribution of the babul. 

The most importaut associates of the babul in Sind are Tamarix dioica 
and T. Troupii, which are capable of standing soil conditkms both too moist 
and too dry for the babul, but thrive well along with it ; Populm euphratica, 
which appears on new alluvium along with the babul ; and, to a lesser extent, 
Prosopis spicigera. The last-named species usually appears when the land has 
become elevated above the reach of all hut abnormal noods, and as a rule 
indicates a failing water-supply ; it is, however, also frequently met with in 
areas suitable for babul except for a dense growth of grass, the presence of 
Prosopis in place of babul being due to the greater power of resistance to 
suppression possessed by the tornier. Occasionally Tamarix articulata also 
appears with Prosopis. As the grouncl becomes drier Salvadora ol&oides, S. 
persica, and Capparis aphylla make their appearance. Among other species, 
some of them introduced, which are occasionally found in the babul forests 
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are Acacia Farnesiana, Albizzia Lebbek, Tamarindus indica, Parhinsonia 
aculeata, Zizyphus Jujuba, Azadirachta indica, Gordia Myxa, C. Eothii, and 
Ficus bengalensis. 

Northem and central India. Acacia arabica is scattered in greater or less 
abundance in suitable localities in the plains of the Punjab and United 
Provinces, and is frequently grown along canal banks : it is occasionally 
f ound in the drier parts of Bihar and Chota Nagpur, on embankments, waste 
lands, &c. In the Punjab it does not extend to the extreme north-west, where 
the cold in winter is too severe, but elsewhere it is one of the commonest trees 
of the plains, attaining a good size near water and in irrigated tracts. It is 
found in many parts of Rajputana and the Central India States, chieny in 
the form of scattered trees in helds and waste lands and along roadsides, 
bunds, and railway embankments. 

In the Unitecl Provinces the most important babul tracts are in the dry 
southern districts. In the sub-Himalay an tract the tree occurs only in certain 
isolated localities. Under the policy of afforestation promulgated by thc 
United Provinces Government in 1912, tlie reservation of tracts of babul 
forest or of land capable of growing babul was commenced a few years ago in 
the Hamirpur and Etawah districts, with the idea of being extended to other 
districts as further experience in methods of afforestation is gained. It has 
now been dennitely proved by the Kalpi plantation in the Jalaun district 
and the Fisher forest at Etawah that ravine lands in the southern districts of 
these provinces can be successfully afforested with babul ; the rainfall herc 
is between 30 and 40 in. These plantations are reierred to on pp. 487- 
440, under ' artiticial reproduction '. 

Gentral Provinces and Berar. In the Central Provinces proper Acacia 
arabica occurs for the most part on opeu cultivated or waste lauds and grazing 
grounds outside the large forest tracts, usually frequenting blaok cotton soil 
or alluvial ground in the neighbourhood of streams : it is also frequently met 
with on bunds and embankments. 

The most iinportant babul tracts are found in Berar, where the State 
babul forests extend over about 15,600 acres, while an additional area of public 
land (grazing grounds, &c.), roughly estimated at 12,500 acres, eithcr contains 
crops of babul or is capable of supporting them. The tree also occurs in con- 
siderable abundance over private lands, along boundaries between cultivated 
helds, along banks of streams, and elsewhere. According to Mr. Shrinivasulu 
Nayadu x thc distribution of the babul in Berar is determined mainly by 
situation, soil, and altitude. The underlying rock consists throughout of 
Deccan trap, and there is a varying depth of black cotton soil over it. The 
topography of tlie country is characterized by three uiain features : (1) onthe 
norththe Gawilgarh hills (theMelghat), averaging 3,400 ft. in ekwation ; (2) on 
the south tlie Ajanta hill range (theBalaghat), comprising undulating plateaux 
about 1,600 to 2,200 it. in elevation; and (3) between these two hill ranges 
the broad valley of the Purna river system, known as the Payanghat plain, 
800 to 900 ft. in elevation. >The Gawilgarh hills are unsuitable for babul, 
since even in the ravines and valleys the substratum is dry, while frosts of 
some severity occur : the rainfall here is about 58 in. In the Balaghat babul 

1 loc. cit., p. 491. 
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occurs to a greater or less extent along the banks of streams, ancl on eultivated 
and other land where there is sufficient immunity from frost and weeds : the 
rainfall of this tract averages 38 in. 

The Payanghat plain is the important babul-bearing tract of Berar, and 
it is here that most of the State babul hans are situated. In this plain over- 
lying the Deccan trap is a deep alluvial deposit, often 150 ft. in depth. 
Black cotton soil occura at the surface, with yellow calcareous loam beneath ; 
this loam often appears at the surface, and is less favourable to tree growth 
than the black cotton soil. Deposits of silt are frequent in the river valleys 
and along the sides of streams. The water-bearing stratum is at a considerable 
depth, but the superncial strata are sumciently retentive of moisture to support 
the growth of babid. The raintall in the Payanghat tract averages 30 in., 
rain f alling mainly dirring the south-west monsoon from June to September, 
with occasional showers from November to January. Frost is of rare occur- 
rence ; indeed, wherever it occurs in Berar the babul is easily capable of stanchng 
the winter cold, suffering only in abnormal years, as in January 1911. Babul 
1'orms about 90 per cent. of the tree growth of the Payanghat, its chief com- 
panions being Acacia hucophloea, A. cburnea, Prosopis spicig&ra, Dichrostachys 
cinerea, Balanites Roxburghii, Amdirachta, indica, Zizypfms Jicjuba, and Phoenix 
sylvestris. Common species of the undergrowth are Gassia Tora, G. auriculata, 
ancl Oapparis grandis. In situations favourable to the babul this tree forms 
pure crops, the associates becoming more prominent where the black cotton 
soil gives place to calcareous loam or shallow soil. Phoenix syhestris pre- 
clominates on swampy grouncl. Babul occurs niost plentiiully ancl shows the 
most vigorous growth in the deep moist soil in the neighbourhood of streams 
and particularly along the Purna river : in such places it benehts by the 
annual inundations cluring the rainy season. Both the telia and the kauria 
varieties are common, the former seeking the localities with deep moist soil 
and the latter being more plentiful on the higher and drier ground away from 
the streams, or where there are oalcareous deposits near the surface, or where 
the salinity of the soil becomes marked : the growth of the hauria is much 
slower than that of the telia variety, ancl the rate of growth of the latter 
decreases away from the streams. 

Bombay Deccan. The principal babul tracts of the Bombay Deccan are 
situated in the Khandesh, Nasik, Ahmednagar, Sholapur, Poona, and Satara 
districts. The actual area of these tracts is dimcult to estimate, as the babid 
is restricted to certain localities and is not distributed over the whole forest 
area. In 1908 fche total area of State babul forests was estimated at 45,000 
acres. The torests are for the most part widely scattered over cuitivated 
lands, usually in isolated patches of comparatively small size, and along the 
banks of rivers. The unclerlying rock is mainly trap, over which there is 
frequently a varymg depth of black cotton soil favourable to the growth of 
babul, but on the higher ground away from rivers the soil usually becomes 
a dry shallow murram, the reault of the disintegration of the trap, or a calcareous 
lcanlcar unfavourable to babul. The best babul tracts are invariably situated 
on deep sandy alluvium along the banks of rivers and streams subjeet to 
annual inundation. Here the teli variety tlourishes and often forms dense 
crops. On the cleep black cotton soil of the lower ground the babul also 
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Aourishes well, but on the higher ground away from the rivers, where the 
soil is dry and shallow, the teli, variety gives place to the kavadi (kauria), the 
crop hecomes more open and the trees are stunted ; nnally on the poorest 
localities, where the soil consists of deposits of kanlcar, the babul may disappear 
altogether and give place to Acacia eburnea, A. Latronum, A. Catechu, Balanites 
Roxburghii, Capparis aphylla, and occasionally Azadirachta indica and a few 
other species. These species are characteristic of the poorest types of babul 
forest. Among other associates on comparatively dry ground are Zizyphus 
Juj-uba, Prosopis spicigera, Albizzia odoratissima, Diospyros Melanoxylon, 
Acacia leucophloea, Anogeissus latijolia, and others, while on the rich alluyium 
along the rivers Pongamia glabra and JEugenia Jambolana make their appear- 
ance. The babul crops occur in various stages of development : under previous 
working plans most of the old and deteriorating trees have been cut out, and 
the majority of the more promising crops are of various ages up to 20 or 
30 years. 

The climate of this region is a dry one, the rainfall, which is uncertain, 
varying from 18 to 30 in., though the tree thrives best where the rainfall is 
over 25 in. The absolute maximum shade temperature varies from 108° to 
112° E., and the absolute minimum from 37° to 45° E. Erom March to May 
there is intense heat and drought, which is detrimental to reproduction and 
development on all but the deeper and richer soils where the roots are able 
to penetrate to the moist strata : the annual inmidations on the alhwial 
riverain tracts are therefore of the greatest importance in producing favourable 
soil conditions to counteract the adverse climatic factors. 

Southem India. The babul is found in greater or less abundance in 
suitable localities throughout the plains in the drier parts of the Madras 
Presidency, Hyderabad, Mysore, and Travancore, where the rainlall varies 
from 20 to 40 in., but not in the moist regions of the west coast. In Madras 
it occurs in fair abundance in several districts, particularly in Kistna, Kurnool, 
Anantapur, Gimtur, Bellary, Ohingleput, and Tinnevelly. It is usually found 
on black cotton soil, but also occurs on other soils, for example on ierruginous 
loam overlying metamorphic rocks iii Bellary, where it is stunted and niuch 
damaged by grazing. In some districts, particularly in Tinneveliy, good crops 
of babul arc ibund in the beds of numerous tanks scattered about the country. 
Many of these have been f ormed into reserved f orests and improved by artihcial 
sowing ; they constitute an important source of supply of f uel and agricultural 
and domestic timber. Among the more usual associates of the babul in Madras 
are Acacia planijrons , A. Latronum, A. leucophloea, Prosopis spicigera, Cassia 
Fistula, G. auriculata, and Amdirachta indica. 

Leaij-shedbing, elowering, and fruiting. Acacia arabica is hardly 
ever ouite leatless, though on very poor soils it is sometimes bare for a short 
time in April-May. The young leaves appear from March to May, thc old 
leaves commencing to fall betore they appear and continuing to do so while 
the young leaves are spiouting. The nowering season is somewhat irregular, 
varying not only according to locality but also in the same locality. Mowering 
is most general in the rainy season, from June to September or October, but 
trees may be found in rlower as late as December or January. The llowers 
are in fragrant yellow globose heads about 0-5 in. in diameter. The young 
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iruits cleyelop rapidly ; the time of ripening varies according to locality, but 
is usually from April to June, or earlier in southern India. In the Peninsula 
the kauria variety is said to ripen in January and February. In Sind the 
tree nowers as a rule twice a year, once in June-July and again in November- 
Deeernber. The pods from the first Aowering ripen about October, but are 
usually poor in quality and cmantity : those of the second Aowering ripen 
about May, and as a rule give a better crop. The pods {telia or typical variety) 
are 3-6 in. long by 0-5 in. broad, compressed, whitish tomentose, deeply 
constrioted between the seeds, eight- to twelve-seeded. In the kauria variety 
the pods are more shortly stalked, about 0-75 in. broad, and very little con- 
stricted between the seeds. The seeds (Fig. 161, a) are compressed, ovoid, 
dark brown, shining, with a hard testa ; about 200 to 300 weigh I oz. They 
retain their vitality for some years if carefully stored. They are liable to beetle 
attacks even when still on the tree. 

Trees commence to bear fruit at an early age, usually at about five to 
seven years or somewhat later in Sind. They seed annually as a rule : in Sind 
the crop of pods is sometimes affected if the winter is severe, but this is not 
frequent. The pods are usually blown from the trees by tbe dry winds of 
the hot weather. They dehisce with dimculty, and if not eaten by animals 
may lie on the ground until the valves rot, the seed remaimng ungerminated 
until it escapes in this way, though it is exposed in the meantime to the attacks 
of insects, rats, and sguirrels. In exceptional cases the seeds may germinate 
inside the decaying pod, a line of germinating seeds being found partially 
enclosed in the pod : such cases are rare. Seed may be removed from the 
pods by drying the latter and pounding them. In tests of Berar seed carried 
out at Dehra Dun in 1911 and 1912 the tdia variety gave the highest percentage 
of success, the kauria came next, and the ramkati gave the lowest pereentage. 

The pods are readily eaten by sheep, goats, and cattle, and the seeds 
are ejected by them. As far as recorded observations go the seed, although 
it does so in the case of bovine a.nimals, seldom passes completely through 
sheep and goats, but is ejected by them from the mouth during rumination ; 
the seeds are, it is true, found among their droppings, but this is because of 
the fact that rumination ordinarily takes place where the animals are herded. 
The fermentation and nioistening which the seeds undergo bcfore their ejection 
undoubtedly assists germination, and seed which has been ejected by animals 
is also held to be less liable to insect attacks than seed collected straight from the 
pod. The superiority of seed collected from goat and sheep pens is generally 
recognized, and seed so collected is extensively used for artiricial sowings. 

Experiments carried out in Sind in 1910-11 and 1911-12 to test the 
fertility of seed obtained from goat and sheep pens and thosc obtained direct 
from pods gave the foilowing rcsults : 





Erom pens. 


From pods, 




pev cent. 


per cent. 


Sukkui division 


13 


6 


Hyderabad diviaiou 


56 


43 


Naushahi-o division 


' 70 


35 


JeiTiick division . 


fll 


31 



An experimenfc in the Suldcur division to ascertain if the iertility of seed 
is impaired by prolonged immersion in water showed that immersion extending 
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up to five weeks liacl no harmiul effect, a fact which is 01 importance in tracts 
inundated for some time. 

Germwation (Pig. 161, b-d). Epigeous. The radicle emerges and 
descends. The hypocotyl elongates, arching very slightly or not at all, and 
raises the cotyledons above ground ; as a rule the testa is carried up over 
the cotyledons, falling with their expansion. 

The seedling {telia variety, Fig. 161). 

Roots : primary root long, thick in vigorous plants, otherwise thin and 
wiry, terete, tapering, light brown : lateral roots numerous, short, nbrous : 
small nodules present. Hypocotyl distinct from and thicker than young root, 
0-7-1 '3 in. long, terete, cylindrical or tapering slightly upwards, expanded in 
a ring at the base, pale green, glabrous. Cotyledons : petiole 0-1 in. long, thick, 
glabrous : lamina 0-5 in. by 04 in., plano-convex, Aeshy, less than 0-1 in. 
thick, elliptical or ovate, apcx rounded, base sagittate, entire, glabrous, pale 
grecn beneath, darker above. Stem erect, somewhat zigzag at the nodes, wiry, 
pale green, glabrous ; internodes variable in length, usually 0-2-0-4 in. long 
in young seedlings. Leaves : fh?st pair opposite or sub-opposite, subsequent leaves 
alternate. Stipular spines in pairs at the base of the leaves at first 0-1 in. long, 
increasing to 05 in. long after a few nodes. First pair of leaves paripinnate, 
up to 1 in. long, with about four pairs of leaAets 0-1-0-2 in. long, or second leaf 
sometimes bicompound, subsequent leaves bicompound, first with one pair 
then with two pairs of pinnae, the number of pinnae increasing subsequently. 

Under favourablc conditions the development of the seedling is rapid 
from the commencement, plants which germinate about July sometimes 
reaching a height of 3 to 4 ft. by December. Experiments carried out at 
Dehra Dun inclicate that the chief tactors stimulating rapid development are 
an abundance of light and a loose soil free from weeds : irrigation also stimu- 
lates growth, but in the seedling stages weediug and loosening of the soil are 
even more important. The climate of Dehra Dun, it may be noted, is daiuper 
than in any region where the tree grows natnrally. The development is poor 
on stiff clay. Experimental plots at Dehra Dun, some weeded and others 
not weedecl, some irrigated and others not, showecl the tollowing rate ol: 
growth during the first season in respect of the three varieties of babul : 

Acacia arabica : growth of seccllings under clifferent conditions, Dehra Dun, 

Irrigated. Unirrigatetl. 

Va,riety. Particulara. Weeded. Unweeded. Weeded. Unweeded. 

Telia Nuniber of piants 

at entl of aeason 99 15 28 12 

Hoight . . 0ft. 3in.-2ft. Oin. 0ft. 2Jin.-lft. Oin. 0ft. 9in.-3ft. Gin. Oft. 2 tn.-J ft. liii. 

Conditiou . . Chieny vigoro us WeaJsly Chieny vigorous Weakly 

Kauria jSTumber of plants 

at end of aeaaon 36 80 38 2 

. Height . . ft. 1 \ in.-3 ft. 8 iu. ft. 3 in.-2 ft. in. ft. 3 in.-3 ft. 6 in. Larger ft. 11 in. 

Condition . . Chierly vigorous Weakly Chieily vigorous Woakly 

Ramkiti Nuinber of plants 

iit end of season 16 , 2 29 12 

Height . . ft. 10 in.-4 ft. 3 in. ft. 3 in.-O f t. 5 iii. ft. 3 iu.-4 f t, in. Oft. 2i in.-O Et. 11 in. 

Condition . . Vigorons Weakly Vigorous "Wraikly 

Approximately the same quantity of seecl was sown in each plot, but tho 
number of seeds sown was not recorded. 
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These results deinonstrate the great importance of weeding, irrespective 
of irrigation. 

During the first four years the maximum height of a plot of seedliugs at 
Dehra Dun from seed sown in 1911 was as follows : 

End of nrst season ; maximum height 1 ft. 7 in. 

End of second season ; maximum height 6 ft. 8 in. 

End of third season ; maximum height 15 ft. 

End of fourth season ; maximum height 16 ft. ; girth 9 in. 
This plot was regularly weeded, but not watered, and the soil was a deep loam, 
The inrluence of a loose porous soil on the development of the seedling 
is well illustrated in the case of sowings where the seeds are sown along ridges 
of loose earth. This system has been f ound very successful in dry localities ; 
vigorous plants raised in such sowings have thiek stems and strong side branches, 
and may reach a height of over 4 ft. in the nrst season, whereas seedlings 
from sowings on level ground in the same place may attain a height of not 
more than a few inches, without well-developed side branches, and in rnany 
cases are unable to survive the ensuing dry season. A ieature of the babul 
seedling is the long taproot, whioh is developed at an early age, and is a neces- 
sary provision in the dry localities in which the tree grows, and particularly 
on black cotton soil, which is sodden in the rains and dry and cracked in the 
dry season. A vigorous plant on a weeded ridge sowing of June 1914 in the 
Hamirpur district, United Provinces, was dug up in December 1914 and found 
to have a taproot 5 ft. long and \ i n - thick at the top. 

The seedling is a strong light-demander, and will not tolerate suppression 
of any kind. In experimental sowings at Dehra Dun under different degrees 
of shade it was f ound that the development was always better in full sunlight 
than under even the lightest shade. In groups of seedlings the stronger 
individuals quickly suppress the weaker ones and kill them out. 

During germination the radicles are very liable to damage by insects in 
the case of seed lying on the surface of the ground. Another serious eause of 
mortahty is the damping off of young seedlings in sodden grass or weeds during 
the rains. In inundated tracts, as in Sind, seedlings are sometimes killed by 
an excess of water in low-lying areas where the nood water lies for some time 
after the end of the season. The seedlings are decidedly tender to frost : in 
Dehra Dun the telia variety was found to be somewhat hardier than the kauria 
in this respect, and seedlings on clear weeded ground sunered less thau those 
growing in grass. Young plants, however, have good recuperative power 
from the effects of irost, sending out new shoots after being killed back. In 
dry climates drought is undoubtedly the most serious cause of mortality 
among seedlings ; the hauria variety is more drought-resistant than the telia. 
The young plants are also subject to injury from animals : the spines 
which are developed at an early age ordinarily protect them from damage 
by domestic animals other than browsers, of which goats are the worst. They 
are frequently browsed by deer and antelopes and eaten by hares. The most 
serious animal pest, however, is the Indian gerbille or antelope rat (Gerbittus 
indicus), which gnaws the bark of the seedlings, or- cuts through the slioot or 
root. Mr. Shrinivasulu Nayadu 1 states that tbe injury begins when the 

1 loc. cit., p. 500, 
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seedlings are weeded in the rains, but becomes very noticeable when the 
harvest is over and there is no food in the nekls to invite the rats. These 
animals appear to multiply most freely in , dry seasons, heavy rain being 
injurious to them. The deep cracks in the black cotton soil are specially 
favourable to thern, since they live in deep burrows. The rats rear their young, 
eight to twelve at a time, in nests built about 2 ft. above ground in the inter- 
laced branches of babnl thickets, and a knowledge of this fact is useful in 
helping to reduce their numbers. 

Silvicultueal charactebs. Light. Acacia arabica is a strong light- 
demander, and will not tolerate suppression of any kind at any period of its 
existence. Young natural crops are often dense, and for some years the 
saplings may grow up without many side branches, but they thin each other 
out and the trees dcvelop broad and full though somewhat light crowns. 
When grown in a free position tlie tree maintains a bushy f orm f or many years, 
though tlie main stem is distinguishable. 

Root-system. The young plant, as already mentioned, develops a long 
taproot from the commcncement, and strong lateral roots are also formecl 
early. The subsequent development of the root-system clepends to some 
extent on the locality. Under normal conditions on dry ground the taproot 
reaches a considerable length. Mr. Ribbentrop states : x 'I have known 
them to be 25 ft. long, and under certain conditions they may reach much 
lower.' In adclition to the taproot a strong superncial root-system is pro- 
duced. On shallow soil the taproot branches without reaching any depth, 
and the plant is liable to die of drought. On inundated land the root-system 
is largely superncial. 

Rooi-suckers. The babul has not as a rule been observed to produce root- 
suckers regularly, but Mr. A. W. Lushington says : 2 ' When pulling up what 
appeared to be seedlings of babul {Acacia arabica) in the Kistna distriot, they 
wereiound not to be seedlings at all, but sucker-shoots.' He mentions further 
that these suckers are produeed especially when trees have been felled or where 
the roots have been exposed, and that he has found that a very fair percentage 
of what he always supposed to be seedlings have been these sucker-slioots. 
Mr. P. M. Lushington, 3 writing of babul areas in the Guntur district, Madras, 
says : ' Hitherto I have believed that the coppice resulting from babul was 
practically unproductive, and have for many years advocatecl the wonnding 
of the roots with a view to producing root-shoots.' The Deputy Conservator 
of Forests, Sind circle, wrote in 1911 : ' Experience here tends to show that 
babul has very limited powers of reproduction by coppice-shoots or root- 
suckers.' Other writers have expressed doubt as to the capacity of the tree 
for producing root-suckers. So far as observations go at present, theretore, 
it may be considered as established that the babul, though it may not produce 
root-suckers universally, does produce them in some localities and under 
certain conditions, this tendency being stimulatecl if the trees are felled or the 
roots exposed. 

Goppicing power. The coppicing power of "the babul varies greatly. 
Throughout the greater part of its habitat it coppices poorly ; this, from 

i Ind. Foreater, xxv (1900), p. 136. 2 Ibid., xxx (1904), p. 103. 

3 tnapection note, 1912-13. 
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observations recorded by numerous forest omcers, appears to be the case in 
Sind, Berar, the Bombay Deccan, and many parts of southern India, for 
although stmnps up to about 6 or 7 in. in diameter frequently produce coppice- 
shoots, these in the majority of cases do not develop, remaining small and 
bushy or dying off altogether. Larger stumps cannot be relied on to produce 
coppice-shoots, and in general coppice as a regular means of reproduction is 
held to be out of the question. 

Certain important exceptions have, however, been recorded, notably 
from Guntur in the Madras Presidency, where the babul has been regularly 
worked under the coppice system for some years. Mr. P. M. Lushington, 
after inspecting one of the babul tracts in Guntur, wrote : ' Hitherto I have 
believed that the coppice resulting from babul was practically unproductive. 
. . . A glance at this area was suhicient to show me that my opinion was un- 
sustainable. Here we have a well established working series in which coppice 
reproduction is tlie main feature. The working is fully justiried by results, 
f or I saw established coppice seven years old which, though it did not cover 
the whole area, was well on its way to establishing a fairly thick forest.' Other 
recorded observations indicate that in certain parts of Madras, at all events, 
coppice reproduction can be relied on to a fair estent provided the trees felled 
are not of large size. 

The precise reason why babid eoppices in some localities and not in others 
has not yet been satisfactorily esplained. That hooding, provided it is not 
of excessive duration or intensity, is a possible factor is indicated from the 
observations of Mr. J. 8. Scot, who notes that all the best coppice areas in 
Guntur are those which are under water for some period each year. 1 There 
must, however, be other factors at work, otherwise the babul in Sind would 
coppice freely. 

Pollarding. The babul usually pollards well, and is freely lopped for 
thorn fences and fodder. 

Susceptibilitytoinjuries. (i) Storms. Treesoninundatedgroundwhichlias 
become soft are liable to be uprooted on an extensive scale ; this is particularly 
the case in Sind. Where the fungus Fomes Pappiamts is piwalent trees 
are frequently uprooted owing to decay in the roots, or the stems or large 
branches may be snapped in two owing to the brittleness of the affected wood. 

(ii) Frost and drought. The tree is frost-tender, but is drought-resistant 
so long as the subsoil moisture holds out. The mortality among trees in Sind 
after the land ceases to be regularly inundated has aheady been referred to. 
In Sind damage by frost is less severe on immdated lauds than on lands which 
have passed beyond the stage of annual hooding. 

(iii) Fire. The babul is not a hre-resistant species, and is often killed 
outright where much intlaniraable grass is present. 

(iv) Animals. Among grazing animals goats and camels are the most 
destructive, and sheep and buffaloes are also harmful. Cattle are the least 
harmful, and may even be benehcial, if admitted in small numbers, in keeping 
down grass and weeds and thus reducing the cover for rats and hares and the 
amount of inhammable material. Damage to.yoimg plants by deer, antelopes, 
hares, and rats has already been referred to. 

1 Ind. Porestar, xxxviii (1912), p. 396. 
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(v) Insects. The two most destructive insect pests of the babul are tlie 
beetles Goelosterna scabrata, Eabr., and Psiloptera Jastuosa, Eabr., an account 
of wlhch by E. P. Stebbing is contained in Forest Bulletin No. 12 of 1912. 
The former, which is the more dangerous of the two, is a root-boring longicorn, 
the grubs of which tunnel in the roots and kill young trees : the imago strips 
the bark from the leading shoots and branches of young trees. The latter 
beetle is a buprestid, which as far as is known attacks trees only in its mature 
stage, stripping the bark off the shoots and branches. 

(vi) F'imgi. Much damage is caused in Berar by the f ungus Fomes Pap- 
pianiis, Bres. This lungus attacks the heartwood of the stem and branches 
and spreads into the roots, causing the wood to become brittle, and in severe 
cases to crumble away : infected trees are thus liable to be blown over or to 
have their stems and branches snapped in two by wind. The f ungus does not 
attack young healthy trees, but only those wMch are in an unhealthy condition 
oi- have ceased to grow vigorously owing to injury or to old age : it attacks 
isolated trees as well as those growing in dense crops. It has not yet been 
ascertained whether the fungus spreads underground through the roots by 
means of mycelia or through wounds above ground by means of spores, or 
both. 

Measures which have proved emcacious in keeping the fungus in check 
are: (1) to remove all sporophores from inf ected trees ; (2) to cut out badly 
inf ected trees ; (3) to execute regular thinnings in young crops, removing sickly 
.stems and promoting vigorous growth in those retained ; (4) to cultivate the 
soil with field crops after the babul crop has been removed, and to keep the 
young babul crop healthy by hoeing the grouud and promoting soil-aeration. 

(vii) Lopping. Lopping for fodder and thorn hedges is a source of much 
i njury to the babul : in some cases the lopping takes the particularly destructive 
form of half cutting through the branches and bending them down to be within 
the reach of goats and cattle, a jagged wound being thus formed : small trees 
are similaiiy cut half through a few feet from ground-level and broken down. 
Although the babul has great capacity for heahng wounds, jagged wounds 
1'orrned by rough methods of lopping do not heal, and become centres of 
iniection by rot. It is by no means improbable that lopping rnay prove to 
be one of the chief causes of the spread of fungus attacks. 

Natttbal repeoduction. Under natural conditions germination com- 
mences early in the rainy season and continues f or some time. Much moisture 
and warmth are necessary to etlect complete germination, and without these 
the seed may lie dormant for two seasons or more and then germinate if con- 
ditions are favourable. Experiments at Dehra Dun in which seed was sown 
under varying degrees of shade and temperature showed that germination 
was considerably retarded under even slight shade, owing to the reduction of 
temperature, and that when it did take place the seedlings were unable to 
persist for any length of time in the absence of complete light. 

The dangers to which the seedling is exposed during and after germina- 
tion have been mentioned above under ' the seeclling ', and these are all factors 
inimical to natural reproduction. 

It may be said generally that the conditions essential ior the stimulation 
of vigorous natural reproduction are : (1) complete sunlight, (2) abundant 
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moisture, (3) loose soil, and (4) absence of grass and weeds. Apart from these 
faetors germination is greatly stimnlated if the seeds have been swallowed by 
animals and ejected by them. 

The effect of complete light may be seen in any babul tract, Successful 
reproduction never appears under or even close around seed-bearers, but 
always in open gaps fully exposed to light. The effect of abundant moisture 
is seen in riverain tracts, where successful reproduction depends largely on 
the extent of the annual rloods, tailure usually following abnormally dry 
seasons. In tank beds in Madras it is noticeable that natural reproduction is 
most plentif ul where the ground is annually inundated and scanty onthehigher 
ground. Seedlings are, however, sometimes killed out by excessive tlooding, 
not only in riverain tracts but also in depressions on flat ground. In riverain 
tracts it ia probable that considerable loss is caused by seeds and seedlings 
becoming buried in thick deposits of silt; 

The effeet of loose soil is most marked, sinee it has a direct inhuence on 
the development of the taproot, and causes soil-aeration and the retention of 
" soil moisture. For this reason vigorous natural reproduction frequently spriugs 
up on ploughed land and on new embankments, while on hard unworked 
ground reproduction is usually scanty or absent. The presence of rank grass 
and weeds is one of the factors most adverse to the establishment of natural 
reproduction, babul seedlings being particularly sensitive to suppression. In 
this respect grazing is advantageous in keeping down a rank growth of grass. 
One of the worst weeds in babul traets of the Peninsula is Cassia Tora, which 
sometimes forms a dense soil-covering and effeetually prevents reproduction, 

The importance of animal agency in promoting tlie gerrnination of the 
seeds has already been alluded to. Apart from this grazing animals peiiorm 
a most useful fimction in spreading the seed over ground on which they are 
herded, and which is usually kept free of grass and weeds. Both in inundated 
riverain tracts and on other lands subject to grazing the seed is brought on to 
the ground very largely by animals, and the existence of many babul groves 
may be traced directly to their agency. The young seedlings as a rule reojuire 
proteetion from cattle only for about six months or less, but protection from 
goats is necessary until the plants are well out of their reach. 

A consideration of the tactors just enumerated does not, however, always 
solve the question of natural reproductiou, the presence or abseuce of which 
in patches of varying extent for no apparent reason is not always easy to 
account for. Thus good patches of even-aged reproduction frequently occur 
in places where attempts to regenerate artincially by scattering seed on the 
ground have resulted in tailure, and this would indicate tliat there may be 
special reasons for such natnral reproduction establishing itself only under 
certain favourable conditions, whether seasonal or otherwise. 

Artipioial reprodtjction. The choice between direct sowing and 
transplanting from the nursery is easily decided, for owing to the sensitive- 
ness of the taproot transplanting on a large scale is out of the question for 
torest purposes. Numerous transplanting experiments at Dehra Dun, in wliich 
roots and stem were in some cases pruned and in others left intact, resulted 
in almost complete tailure. Only when very small plants of the tirst seasou 
w6re transplanted early in the rains with great care, and watered in dry weather, 

2307.2 h 
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was even slight success attained. On a large scale the cost of such operations 
would be proliibitive considering the proportion of failure likely to be met 
with. 

Direct sowings, however, are very successful, provided certain precautions 
are observed. The chief of these are as follows : 

1. Clwice of site. In arid climates, as in Sind, the f ormation of plantations 
is useless unless natural or artincial irrigation can be secured. It is doubtful 
if plantations could ever be prontable in regions with a rainfall of less than 
20 in.j except on deep rich moist soil, such as that found along the sides of 
rivers and streams. In any locality sowings on poor shallow soil such as 
hanlcar deposits will never produce anything but poor stunted growth ; babul 
sowings shoulcl. be connned to the more fertile ground, the poorer soil being 
reserved for neem (Asadirachta indica), hhair (Acacia Catechu), and other trees 
which are not exacting. Localities subject to severe frost should be avoided. 

2. Treatment of soil. Except in certain noocled riverain lancls, thorough 
loosening of the soil and removal of matted grass roots are necessary for the 
success of babul sowings ; not only is this the ease before the seed is sown, • 
but in places where the soil is apt to cake or crack it is also necessary subse- 
quently, and can be effected, where the soil is not too stiff, by means of hand 
ploughs. In black cotton soil it may be necessary to fill up the cracks which 
form in the dry season. 

3. Preparation of ' seed. Where possible seed collected from sheep and goat 
pens should be employed, as this germinates more quickly and gives a higher 
percentage of success. Eailing this a common practice is to soak the sced in 
water or heap it up with moist cow-dung to stimulate germination. 

4. Weeding. Although exceptional cases occur where weeding is found 
to be unnecessary, as in the tiooded riverain tracts of Sind, as a general rule 
systematic weeding of the young crop for the tirst two or three years is essential. 

5. TJiinning. In the United Provinces and Berar it has been found of 
great advantage to commence thinning out the young plants in the hrst year 
and to continue annual thinnings for a few years, followed by periodical 
(usually 5-yearly) thinnings later. The early thinnings consist in spacing the 
plants in such a way as to prevent contact of the branches. 

6. Admission of grazing. In some localities grazing of all kinds is excluded 
cluring the earlier years of the plantation. -In Berar, on the other hand, success 
has been found to depend largely on the admission of light grazing by cows 
and bullocks (not sheep and goats) from the end of the hrst rains onwards, in 
order to keep down the growth of grass, which harbours rats, hares, ancl 
beetles, and also suppresses the seedlings. In order to securc the utmost 
beneht from grazing, the lines are widely spaced, usually 12 ft. apart, the 
plants are regularly thinned, and their lower branches are pruned in orcler to 
allow the cattle to obtain aecess to the grass between the plants. 

Various examples of sowings in different localities are described below. 
The method of sowing must necessarily vary under different conditions, but 
it has no'w been conclusively proved that in dry regions on non-irrigated 
culturable land the method which has succeeded best, and is also very cheap, 
is that of line sowings in conjmiction with the raising of field crops, which has 
been practised on a considerable scale in Berar. The ridge sowings employed 
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in the United Provinces in the Hamirpur district and elsewhere also give good 
promise of success, though they are somewhat costly. 

Experimental sowings at Dehra Dun. In numerous experimental sowings 
carried out at Dehra Dun it was found that both irrigated and unirrigated line 
sowings on loosened soil succeeded well, provided the lines were kept thoroughly 
weeded and the soil was worked up periodically along the lines, Wherever 
weeds were allowed to get the upper hand the babul was killed out by the 
middle of the second season. In the irrigated line aowings the seed was sown 
along the base of the ridge of earth thrown up alongside an irrigation channel 
1 ft. wide and 9 in. deep. Unirrigated line sowings along with held crops 
were found to give excellent results where the seed was sown along a loosened 
strip 2 ft. wide kept clear of crops, the crops being sown in the intervcning 
spaces. Where the crops were sown continuously over the atea the young 
babul plants were suppressed and killed out. Thorough weeding and periodieal 
loosening of the soil along the lines were f ound to be necessary f or satisfactory 
development. One pound of seed was found sumcient for 270 ft. length of 
line. The tield crop employed was the lesser millet ot manclwa (Bleusine 
coracana, Gaertn.), which was sown early in June and reaped in October. 

Berar : agri-sihicultural sowings. The sowing of babul in conjunction 
with the raising of held erops has been carried out systematically in Berar 
for several years past, and has proved much more successtul and economical 
than any other form of artificial reproduction ; efforts are therefore constantly 
being made to extend this method of reproduction and popularize it among 
cultivators. 

Under the Berar system the coupe of the year is auctioned, the purchaser 
being required to grub up the stumps after felling the trees, and to cultivate 
the land with tleld crops under a lease. Cultivation with held crops alone is 
carried out for two successive years, and in the third year babul seed is sown 
in lines with cotton as the intervening tield crop. The two years' preliminary 
cultivation is considered necessaty (1) to enable the lessee to recoup the cost 
of digging out the roots of the felled trees, (2) to ensure the thorough cleaning 
and aeration of the ground, and (3) to remove all traces of the fungus Fomes 
Pappianus in the soil. The babul seed employed is that which has been 
swaliowed and ejected by goats ; it is collected free of charge by the lessee. 
In the earlier sowings the lines of babul were sown 6 or 7 ft. apart, with three 
or f our intervening lines of cotton ; this distance between lines was found to 
be too close to admit of the light grazing necessary to keep down the growth 
of grass after the removal of the tield crops, and the distance now commonly 
adopted is 12 ft. 

The lessee is rec^uired to weed the lines of babul thoroughly and to exclude 
goats irom the area after the babul seed is sown. Provided he abides by the 
conditions of his agreement the lessee is allowed to retain possession of the 
area, free of assessment, until January of the year following the sowing of the 
babul, and is then rewarded at the rate of Rs. 2 per acre fully stocked with 
babul, suitable deductions being made for failures. The area is then taken 
over by the Porest Department and at once opened to light graaing of cows 
and bullocks — one animal per two acres — during the rainy season, in order 
to keep down the growth of grass and weeds. In places where growth is slow 
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or f ailures have occurred, or where there is a danger of the young plants being 
overtopped hy a rank growth of grass, the lessee is permitted to cultivate for 
a f ourth season on condition that he weeds the lines of babul and sows seeds 
wherever the nrst sowings have failed. 

An important modiAcation has been introduced in certain localities in 
order to combat the ravages of the beetle Goelosterna scdbrata. This insect in 
the imago stage finds harbourage in grass and weeds, and hence the ground 
requires to be kept clear of such growth f or as long as possible. This is effected 
by permitting the lessee to cultivate between the lines of babul for as long as 
he wishes, provided he weeds along and between the lines and prunes off the 
lower branches of the babul to give cattle access to the lines. A further 
precaution adopted is to sow neem (Azadirachta indica) seed along with the 
babul in the proportion of one of the f ormer to three of the latter : the two 
species grow well together. 

Thinnings are considered essential for the healthy deyelopment of the 
crop. The young plants are thinned out annually during the first few years, 
until they are as far apart as the distance between the lines, and thcreafter 
at intervals of five years. The pruning of side branches is also carried out. 

This system of cultivation promotes vigorous growth, the thorough work- 
ing of the soil and the weeding causing the babul roots to strike deep down 
from the corumencement. A height of 4 to 8 ft. is attained in two years on 
deep moist soil, and in three years on drier and poorer ground. It is proposed 
to work the plantations on a rotation of twenty or twenty-five years iu order 
to supply timber as well as. fuel. 

Berar : broadcast, mound, patch, and strip sowings. Apart from the agri- 
silvicultural method of raising babul plantations in Berar, the following 
methods have given satisfactory results, though the snccess has never been 
a»s great as that of sowing with field crops : x 

1 . Broadcast sowings at a cost of about 4 annas an acre have been success- 
ful on areas which nank small streams : elsewhere they have usually proved 
a failure. 

2. Mound sowings have been made in areas subject to Iloods or in swampy 
or water-logged situations. Low mounds 6 in. high and 2 ft. in diametcr, 
spaced 8 ft. by 4 ft., have given good results : the cost has not exceeded 
Rs. 3 per acre. 

3. Patch sowings have been made in blanks amongst young growtli of 
babul or other species already on the ground. Patches 2 ft. by 1 ft., dug and 
cleared of roots to a depth of 6 in. and spaced 8 ft. by 4 ft., have given good 
results : th,e cost should not exceed Rs. 2-8-0 per acre. 

4. Strip sowings have been largely earried out. Strips 10 ft. apart are 
made by means of three conrluent plough furrows, each strip being about 
2£ ft. broad : the cost has been from Rs. 2-8-0 to Rs. 2-12-0 per acre. 

In all these sowings success was found to depend largely on the admission 
of light grazing of cows and hullocks in order to keep down the grass ; as a rule 
no grazing was permitted during the monsoon in which the sowings were 
made, but from Oetober onwards the admission of cattle commenced. Goats 
and sheep were rigidly excluded. 

1 Shrinivasulu Nayadu, loc. cit., p. 491. 
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Bombay Deccan : agri-sihicultural sowings. Mr. L. S. Osmaston x has 
described the results of experiments in sowing bahul and other species in 
the Bombay Deccan in dry localities where the rainfall is scarcely 20 in. He 
states that in his experienee the only successful method of restocking the 
forests of these dry tracts is hy sowing in conjunction with the raising of field 
crops : the crops employed here are chieny sesamum, cotton, and the lesser 
hemp. 

Operations are conducted where possible by lessees and not depart- 
mentally. A two years' lease is given, and two dirTerent niethods have been 
tried : 

1. In the nrst year the lessee is allowed to cultivate field crops, the tree 
seeds as well as field crops being sown in the second year, one line of tree 
seeds to three lines of field crops, the distance between the lines of tree seeds 
being about 4 ft. : the lines are weeded twice in the first rains. 

2. Tree seeds are sown in the first year of the lease in broad strips 4 ft. 
apart — f our lines 1 ft. apart — alternating with strips of field crops 8 ft. broad : 
the lessee cultivates field crops between the strips of tree seedlings in the 
second year of the lease, and also weeds and sows up blanks. 

The first method had been tried only reeently, but if experieiice in Berar 
holds i'or the Bombay Deccan, the distance between the lines of babul may 
be found too small. The second method promises well, but success must 
depend largely on favourable rainfall : babul seedlings 3|- years old had 
a maximum girtli of 11 in. and a maximum height of 16 ft. In departmental 
sowings on this principle the cost of formation — including cost of colleetion 
of seed and weeding, but not of supervision — f or the JBrst three years amounted 
to Rs. 28-11-0 per acre : the receipts from the produce of the agricultural 
crops amounted to Rs. 32 per acre, leaving a protit of Rs. 3-5-0 per acre. 

In the Poona district deep ploughing with broadcast sowing of seeds 
which have been swallowed and ejected by sheep and goats has proved 
fairly successful. 

Sind ; broadcast sowings with and without fleld crops. In Sind broadcast 
sowings are carried out to supplement natural reproduction on new riverain 
land subject to annual inundatious. The seed is scattered on the water when 
the Aoods are subsiding aud sinks into the ground. 

Broadcast sowings in conjunction with the raising of field crops are 
carried out extensively on land above the reach of ordinary Aoods which is 
capable of being irrigated by lifts. The babul seed is sown broadcast along 
with the field crops in the tirst year ; in the second year the area is again 
ploughed up and a second field crop is sown together with more babi;l seed. 
The seeond ploughing seems to do little damage to the babul crop, the culti- 
vator learning to avoid the patches of babul, and the results attained^are 
highly successful. The cultivator pays the current rate of land revenue duilng 
the two years in which he cultivates : and is also bound to irrigate the young 
babul crop for a third year and to protect it by means of thorny hedges. These 
plantations are formcd entirely free of cost. 

United Provinces. The babul has played an important part in afioresta- 
tion schemes in the southern and drier parts of the United Provinces, where 
x Ind. Eorester, xxxiii(I907), p. 265. 
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the normal rainfall varies from 30 to 40 in. The sowing of babul, chierly on 
an experimental scale, has been carried out both oh ravine lancl and on flat 
or gently undulating ground. The principal examples of the former are the 
Kalpi plantation and the Eisher forest at Etawah. The Piprayan plantation, 
about 41 miles south-east of the Ata railway station, farnishes a none too 
successful example of sowings on uncultivated but irrigable land. TMs land, 
162 acres in extent, was acquired in 1905, with the view mainly of providing 
bark for the Cawnpore tanneries. The plantation has suSered from insufficient 
irrigation, combined with the effects of abnormal frost and drought. 

More recent experiments have been carried out on black cotton soil in 
the Hamirpur district in localities where the normal rainfall varies from 33 to 
38 in. These experiments are interesting as showing the excellent results 
attainable by sowing on raisedridges both on water-logged and on over-drained 
ground. Under this method trenches l^ ft. by l^ ft. in section and 10 ft. 
apart are dug, and the loose earth is heaped up in a ridge alongside the trench. 
The seed is sown along the top of the ridge in June, before the rains com- 
mence ; weeding is carried out throughout the raius, and after the rains, when 
the soil dries and tencls to cake, it is kept loose, cracks being iilled up. The 
seedlings are thinned out from the earliest stage ; at nrst they are pulled up 
by haucl, and afterwards supernuous plants are cut down with pruning shears, 
the rule being to thin out to such an extent as to prevent the plants from 
touching each other. The weeding, loosening of the soil, and thinning promote 
vigorous development, and by the end of the first season the young plants 
reach a height of I|- to 2 ft. or more with long thick taproots and stout stems 
and brauches. As a rulc it is iound that unless the plants have strongly 
deveioped side branches they are liable to clry up in the hot weather. In order 
to guard against frost the grass which springs up between the lines, and which 
intensiries the risk, is cut a.nd sold alter the end of the rains. Eig. 162 shows 
these ridge sowings during the cutting of thc grass. The main objection to 
this form of sowing on continuous ridges is its high cost, which in the experi- 
mental stages amounted to Rs. 15 to Rs. 20 per acre with an additional Re. 1 
f or each weeding, or Rs. 6 for six weedings in the lirst year. It is believed, 
however, that the cost will be considcrably recluced after further experiencc, 
and by making the ridges non-continuous, say 5 f t. lengths of ridge alternating 
with breaks of 5 ft. Ridge sowings have given good results in the Eisher forest 
at Etawah (see Fig. 163). 

Other luethocls which have been tried in thc same locality are soAving in 
mounds, broadcast, and in ploughed lines, pits, and patches : these have 
proved far less successful than riclge sowings. Mound sowings were found to 
be fairly successful, provided the mounds were high : they are cheaper than 
ridge sowings, eosting Rs. 9 per 100 mounds, but when failures occur large 
gaps are the result. Broadcast sowings liave been successlul only on the 
higher ground, and the results are therefore patehy. The ground requires to 
be kept loose and the plants to be weeded and thiimed, operations wlhcli are 
dimcult under the broadcast system. Sowings in ploughed lines Avere likewise 
successful only on the higher ground, not on low ground. The iines tend to 
crack longitudinally after the rains, causing the death of some of the plants. 
Thorough weeding and thinniog of the plants and loosening of the soil are 
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Fiu. 102. Aaicia arabica, weeded ririge sowijigs, e»d 01 iir.st.sea.son, Hamirpur district, United 
Provinces : grass licing cut between lines. 



Pig. 163. Acacia arabica, ridge sowings in bed of stream, end of seeond year / Fislier forest, 

litawah, TMtecl Provinees. 
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Fig. 105. Acacia urabica, sowings on ravine lands, Kalpi, United Piwinoea. 
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necessary. Sowings in pits and patches proved an entire iailure, the seedlings 
being swamped not long after germination. 

Afforestation of ravine lands : the Kalpi plantation. The Kalpi plantation 
in the Jalaun district of the United Provinees was started in 1904 by the 
accjuisition of 850 acres of ravine land, with the twofold object of producing 
supplies of babul bark for the Cawnpore tanneries and of ascertaiuing whether 
ravine lands could be successfully afforested with babul, in order to check the 
erosion to which these tracts are subject every year. AtEbrestation work was 
completed over the whole area in nine years. 

This plantation may be regarded so far as purely esperiinental, but it 
has demonstrated that the ravine lands of the TJnited Provinces can be success- 
fully afforested with babul. The nnancial success of the plantation has not 
yet been assured, but this is due largely to the experimental character and 
therefore high cost of the work, and to a succession of abnormal years of frost 
. and drought which greatly militated against success, ond recjuired the partial 
renewal of sowing operations over the same ground for a few years in succes- 
sion. The plantation might have been more successful had closer supervision 
been possible, but as far as tliey go the results have been by no means un- 
satisfactory. 

The preliminary work of reclamation of these ravine lands consists of 
breaking down the steep sides of the ravines into gentler slopes and construct- 
ing at intervals across the ravines bunds of loose earth with suitable outlets 
for water dug in the hard ground round their ends : these bunds are con- 
structed at a comparatively cheap rate. This work is followed by the sowing 
of babul seed thickly along the bimds, on the sides of the ravines and on the 
elevatecl ground between them. The soil is extremely poor, with layers of 
gravel and kankar, the latter in particular hindering the development of the 
taproot. The sowings have proved particularly successtul on the bunds of 
loose earth, which have become covered with dense promising crops of 
babul. 

Apart from the bund sowings, which have always given the greatest 
success, three principal methods of sowing were tried : 

1. Plougliing in strips with broadcast sowing. This was carried out in 
places where the ground was suhiciently level : strips were ploughed to 
a width of 3 or 4 ft., a distance of about four paces separating the strips, and 
seed was sown broadcast along the strips and covered by means of the agri- 
cultural patra. After the nrst year the width of the ploughed strips was 
increased to 5 or 6 ft. Ploughing was carried out at the commencement of 
and after the end of the monsoon rains, that is up to the middle of July and in 
September and October, and again during the winter rains in December and 
January. Thorough ploughing is necessary to eradicate the roots of grass 
and weeds. 

2. Pitting. Where ploughing was impracticable, pits measuring li ft. 
in diameter and depth were dug at frequent intervals on contour lines, the 
loose earth being returned to the pits and the seed being sown on it : in the 
second year the size of the pits was reduced to 1 ft. in diameter and depth. 

3. Lining. This was a modihed iorm of pitting in which the hnes con- 
sisted of elongatecl pits along the contour. 
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In each case the seed was sown at the beginning of the year, and at the 
end of the first season the success, particularly in the case of the sowings in 
ploughed strips and along contour lines, was decidedly promising. A year of 
abnormal frost and two years of abnormal drought, however, killed a large 
proportion of the young plants and seriously intertered with the success of 
the experiment. Indeed, throughout these sowings drought has proved the 
most serious source of injury, and suceess depends largely on years of good 
rainfall. The normal rainfall here is 32 in. 

The sowings on the more level parts of the plantation have proved least 
suceessful, owing to the poverty and hardness of the soil, which inorease the 
danger from drought. The whole plantation has been fenced and regularly 
fire-protected. The crop of grass which sprang up with the sowings necessitated 
careful weeding from the first season. It was sometimes found necessary to 
weed more than once during the first season, and the weeding was oontinued 
in subseojuent years until the plants were well clear of grass and weeds. Hand- 
watering of the young plants was tried at one time, but had to be given up 
owing to its high cost. Eig. 164 shows the general aspect of the ravine lands 
in the Kalpi plantation, and Fig. 165 shows some of the results of the alroresta- 
tion work. 

More recent work in the afforestation of ravine lands in the Etawah 
district has given wonderfully successful results even on the most unpromising 
ground, where owing to the denuded and hardened condition of the soil the 
whole rainfall drains off rapidly. The subsoil water-level is at a great depth, 
and the upper strata of the soil are excessively dry. On such ground great 
success has been attained by deep ploughing, sowing of tree seeds in June, 
and repeated weeding and loosening of the soil. The first weeding is carried 
out soon after the first showers of rain, and two more weedings are carried ont 
before the end of October, the soil bcing well loosened at the time of the last 
weeding. The ravines themselves are rcclaimed by the construction of earth 
bunds at inteiwals across their beds, with the object of holchng up silt, and 
the bunds and beds of silt are sown up. The sides of the ravines are 
afforested by means of a system of contour trenches and ridges on which 
sowings are carricd out. Apart from Acacia ardbica it has been found 
possible to raise crops of teak, Dalbergia Sissoo, Omelina arborea, ancl other 
species on these ravine lands. The total cost of reclamation and afforesta- 
tion amounts to between Rs. 50 and Rs. 60 per acre, inclusive of establish- 
ment charges and depreciation on plough bullocks and plant. The success 
of this work clepcnds largely on the proteetion of the young plantations from 
graaing. 

Experimental plantations on saline lands. Experimental plantations of 
Acacia arabica and Prosopis spicigera on salt-impregnated lands in the Aligarh 
distriet are described by Mr. 6. Greig in the Indian Forester, vol. ix (1883), 
p. 454. Success was obtained by digging pits 3 to 4 ft. deep and hlling them 
with good soil, in which young nursery-raised plants were planted. The seed 
was sown in the nursery early in June, the seedlings being prickecl out 2 ft. 
apart in July, when about 4 in. high, and transplanted early in the rainy 
season of the following year, when about 2 ft. high, great care being taken to 
keep moist earth, bound on with grass, round the roots. Transplanting was 
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also founcl to be possible, if caretidly done, in December and January. The 
plantations were regularly irrigated. Flooding was founcl to be injurious to 
the young trees ; the best method of irrigation proved to be by means of 
small channels 1 ft. broad and 1 ft. deep running along the edgcs of the lines 
of trees, the water being allowed to stand in the channels for several hours 
and to percolate into the pits in which the trees were planted. Eleven acres 
of the Pardilnagar plantation, on strongly saline land, had been plauted in 
this way eight or nine years previously, and some three-fourths of the area 
was densely covered with Acacia arabica trees 20 ft. or inore in height. 

Silyicultukal treatment. Glear fellinge. The system under which the 
babul is most coinmonly worked is that of clear-felling in equal annual 
coupes with artihcial reproduction by sowing under one of the methods already 
described. Tliis system is the one in vogue in Berar, the Bombay Deccan, Sind, 
ancl the United Provinces, the rotation ordinarily employed being 25 or 30 
years in Berar, 30 or 40 years in the Bombay Deccan, and 30 years in Sind. 
Actually the rotation in Berar is two years shorter, the nrst two years being 
taken up with the cidtivation of field crops prior to the sowing of babul. The 
tendency in Berar is to reduce the rotation, as experience has shown that 
after twenty years the babul is increasingly liable to fungus attacks. For 
the supply of tanning bark in the United Provinces a rotation of sixteen years 
is being adopted provisionally in afforestation schemes, though it is possible 
that in ravine lands it may be necessary to lengthen the rotation to twenty 
years. In Madras certain babul forests are worked under clear fellings, a few 
standards being sometimes left to provide natural reproduction. 

In Sind the management is complicated by cyclones, drought, and erosion, 
and by the necessity for irrigation. The first three factors upset the working 
plans from time to time, necessitating the temporary suspension of regular 
fellings to provide for the removal of dead and fallen material. Special 
' erosion tellings ' are carried out to clear threatened bauks in advance of the 
river's action, with the object not only of utiiizing the trees but also of pre- 
venting the formation in the river of snags which endanger navigation. Irriga- 
tion schemes of considerable magnitude and complexity are also a special 
feature of the management of the Sind babul torests. Reproduction is not 
altogether artincial, a certain amount of natural reproduction being also 
obtainable ; artincial sowings, theref ore, though sometimes extensive, may be 
regarded as supplementary. A rotation of thirty years has been adopted 
primarily to meet the demand for fuel. The coupes are sold standing in 
August each year ; the purchaser commences telling on October 1 or as 
soon afterwards as the Aoods subside, and completes felling and extraction 
by September 30 following, after whieh seed is broadcasted over the felled 
area. 

Coppice-with-standards. In some parts of Madras, where babul of moderate 
size coppices without difficulty, the system of coppice-with-standards is 
followed ; the standards left are few in number, and the coppice is usually 
worked on a rotation of fifteen to twenty years. 

Thinnirigs. Practice as regards the conduct of thinnings varies in different 
localities. In Sind thinnings are not carriecl out. In Berar they are con- 
sidered essential to the proper development of the crop. Regular thinnings 
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usually oommence at an age of about ten years, ancl are repeated at intervals 
of five or six years ; they are carried out with suthcient intensity to free the 
crowns of the trees from contact with each other. In the Bombay Deccan 
regular thinnings are also the rule. 

Grazing. The question of closure to grazing has been carefully studied 
in Berar, and it is now recognized to be most benencial to admit light grazing 
of cows and bullocks, one animal per 2 aerea or sometimes up to one head per 
acre, as soon as the field crops are off the groimd : this continues until the 
young crop is well established, that is for about five to seven years, after which 
the limit as to number is removecl and butialoes may also be admitted, but 
camels, goats, and sheep are excluded. In the Bombay Deccan closure to all 
kinds of grazing is prescribed for varying periods up to fifteen years or even 
more. In Sind the coupes are closed to all grazing for five years from the 
date of sowing, though in view of the rank growth of grass which springs up 
it would probably be benehcial to admit light grazing of cows and bullocks at 
an earlier stage : this is recognized, and actually closure is enforced f or the 
first six to twelve months only. Browsers are not admitted until ten years 
after sowing, though it would be advantageous to exclude them for a longer 
period, if not permanently. 

Rate 03? growth. The annual rings in Acacia arabica are indistinct, 
and much reliance cannot therefore be placed on the results of ring- 
countings. The rate of growth varies considerably, but under favourable 
conditions it is rapid. The Mlowing reoorded measurements refer to various 
localities : 

Punjab. Braudis x says that in the Punjab the tree attains a girth of 
2\ ft. in about twelve years, and 5 ft. in about thirty years. Mr. Minniken 
reported that in the Delhi Bela plantation a girth of 2 ft. was attained in 
1\ years. 

Sind. Branclis * states that in lower and middle Sind the average girth 
at 4 ft. from ground-level has been ascertained to be 4 it. in 35 years, aucl 
6 ft. in 55 years. He also mentions that trees plantcd in 1844 at Jacobabad 
reached in less than 30 years a girth of 6-8 ft. and a height of 50-60 it. More 
recent measurements in the Jerruck forost division 2 in annually inundated 
eoupes of known age from 5 to 18 years old showed a mean annual girth 
increment of 1-73 in. : on alluviai land tlie age of which was approximately 
known the mean annual girth iucrement up to 40 years was estimated to be 
1-67 in. 

In the Hyderabad forest division measurements of trees of known age 
gave thc followiiig results : ; ' 



Age. 


Diameter. 


Oorresponding girth, 


years. 


in. 


. it. iu. 


5 


1-8 


5-6 


10 


3-S 


11-0 


15 


5.0 


1 -3-7 


20 


0-2 


1 7-5 



1 Por. Plora N.-W. and Central India, p. 182. 

2 Reviaed Working Plan for the Jerruok Porest Division, D. J, Navani, 191C 

3 Working Plaii for the Hyderabad Forest Division, H. Mitra, 1900. 
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Bombay Deccan. In the Ahmednagar forest division the tollowing has 
been estimated to be the average rate of growth, based on ring-countings : l 

Acacia arabica : rate of growth, Ahmednagar. 

Age. Height. 

yeata. ft. 



15 \ 
20 / 

!} 



15 
20 

25 ; 
30 _ 

35 \ 
40/ 



20-25 
30-40 

40-45 
45-50 



Diameter at base 




without bark. 


Volume. 


in. 


eiib. ft. 


/ 2-5 
\ 5-0 


0-5 


2-2 


f 7-5 
\100 


5-1 


9-0 


/12-5 
\ 150 


16-0 


24-0 


/17-S 
\20-0 


350 


4,5-0 



The following measurements are reoorded in the Poona babul forest 
working plan, 2 though the working plan officer does not place absolute reliance 
on them since they are based on ring-countings : 

Acacia arabica : rate of growth, Poonai 





Mean radius. 






Mean radius, 






Above flood- 


Below llood- 




Above flood- 


Below llood- 


Age. 


level. 


level. 


Age. 


level. 






level. 


years. 


in. 


in. 


years. 


in. 






in. 


5 


1-2 


1-4 


30 


5-3 






6-5 


10 


2-1 


2-4 


35 


6-2 






7-6 


15 


2-9 


3-4 


40 


7-2 






8-8 


20 


3-7 


4-4 


45 


8-3 






— 


25 


4-4 


5-4 


50 


9-4 






— 



Berar. Mr. Shrinivasulu Nayadu s says that in Berar generally speaking 
a babul crop attains a height of 12 to 15 ft. in ten years, and estimates that 
with proper cultural attention babul erops onght to produce about 1 ton or 
40 cub. ft. per acre per annum. In the Loni Bhongaon range working plan 
the mean annual radial increment is estimated from ring-eountings to be 
0-19 in., and the average yield of timber and fuel in existing coupes is estimated 
at 470 cub. ft. solid per acre. 

Sample plot measurements exteuding over four years in the Akola forest 
division gave the tollowing results : 

Acacia arabica : rate of growth, Akola. 

Nimiber of trees 
Plot No, measured. 

1 27 

2 15 

3 13 
i 13 
5 6 

1 Working Plan for the TPael and Podder Reserves of the Ahraednagar Division, R. S. P. 
Pagan, 1901. 

2 Worlring Plan for the Poona Babul Porest, L. Napier, 1902. 

3 loc. cit., pp. 504 and 512. 



Girths of trees 
raeasured. 


Mcan annual girth 
increinent for 4 years. 


in. 


in. 


30-56 
16-46 
15-30 
15-33 
24-50 


2-0 

1-6 

0-94 

0-9 

1-2 
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Madras. Mr. A. W. Lushington x recorcls the following girth measurements, 
presumably escluding bark, based on ring-countings in the Guntur taluk of 
the Kistna district : 

Age(years) ... 10 15 20 25 30 35 

Girth (inches) . . 7-1 13-9 194 24-9 341 43-2 

The sapwood varied from three to six rings in thickness. He mentions 
elsewhere 2 that some samples gave an average of 1-| rings per ihch of radius : 
this rate of growth, equivalent to a mean annual girth increment of about 
4-|- in.,is extremely rapid. The soil is black cotton, and the normal rainfall is 
about 34 in. 

2. Acacia leucophloea, Willd. Syn. Mimosa leucophloea, Roxb. White- 
barked acacia. Vern. Reru, rinj, raunj, rhea, sajed Jcikar, Hind. ; Heioar, 
Mar. ; Velvaylam, Tam. ; Tella tuma, Tel. ; Tanaung, Burm. (Fig. 167.) 

A moderate-sized to large thorny deciduous tree, with a somewhat spread- 
ing crown and a trunk often crooked and gnarled. Bark light yellowish grey 
to nearly white, smooth, exf oliating in irregular scales, light red inside ; bark of 
older trees rough and nearly black. Heartwood comparatively small, reddish 
brown streaked with darker and lighter colonr, strong and hard. The wood, 
wlhcli is not of great value, is used for posts and beams, carts, wheels, agricul- 
tural implements and turning, also for f uel. 

Disteibution and HABiTAT. This tree is found on the plains of the 
Punjab and United Provinces, particularly in the drier parts, in the Siwalik 
hills between the Jumna and the Ravi, Rajputana, central, wcstern, and 
southern India, and Burma, cliietly in the dry zone. It is characteristic of 
dry regions, occurring chieAy in open scrub or thorn forcsts. In the Indian 
Peninsula it is often very common on trap and on black cotton soil, though it 
is also found on other geological formations. In the Deccan, the south Mahratta 
country, and the Oentral Provinces its associates vary from place to place, 
but include some or all of the following species : Acacia Gatechu, Zizyphus 
Jujuba, Z. Xylopyrus, Prosopis spicigera, Ghloroxylon Sicietenia, Soymida 
jebrijuga, Diospyros Melanoxylon, Aegle Marmelos, Butea jrondosa, Anogeissus 
latijolia, Cassia Fisiula, Azadirachta indica, and other species, whiie in southern 
liidia in addition to most of these it is cornmonly associated with Acacia 
Latronum, A. eburnea, Albizzia amara, Ga,nthiumparviflorum, and Dolichandrone 
crispa. 

In the dry zone of Burma it is one of the most characteristie trces, forming 
somewhat open ibrests, often on poor shallow soil, in association with Acacia 
Gatechu, Terminalia Oliveri, Tectona-Hamiltoniana, Zizyphus Jtijtiba, Limonia 
acidissima, and other dry zone species. 

In its natural habitat the absolute maximuin shade temperature varies 
from 105° to 120° ¥., the absolute minimum froin 30° to 55° F., and the normal 
raintall from 18 to 60 in. 

Leaf-shedding, itlowebing, and feuiting. The tree is leaness towards 
the end of the cold season and in the earlier part of the hot season, tlie new 
leaves appearing about April. The yellowish white Aowers, in small globose 

1 Ind. Torester, xxi (1895), p. 255. 

2 Prelimmary Working Schemo for the Guntur Babul Worldng Circle, Kistna District, 
1893. 
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heads 0-25 in. in diameter, arranged in large terminal panicles, appear from 
August to November (sometimes May, according to Brandis) ; the tree is 
a conspicuous sight when in blossom. The pods, 4-8 in. long by 0-2-0-35 in. 
broad, flat, slightly curved, ripen from April to June (or earlier ?). The pods 
are 10- to 20-seeded, and are scarcely dehiscent. The seeds (Pig. 166, a) are 
irregulaiiy elliptical or rhomboidal, 0-2-0-25 in. by 0-15-0-2 in., darlc brown, 
smooth, shining, compressed, with a hard testa : about 200 weigh 1 oz. 
The seed germinates readily with moisture and warmth, and does not require 
any special preparation. 

Gbemination (Eig. 166, b-e). Epigeous. The radicle emerges, the 
hypocotyl elongating with slight arching and carrying the cotyledons above 
ground ; the testa usually remains partially enclosing the cotyledons until 
they expand, when it falls to the ground. 

THE SEEDLING (Fig. 166). 

Roots : primary root long, terete, tapering, wiry, white turning yellowisli 
brown : lateral roots fairly numerous, rine, nbrous : nodules present. Hypo- 
cotyl distinct from root, 0-4-1 -5 in. long, terete, tapering slightly upwards, 
expanded in a ring at the base, white turning green, glabrons. Cotyledons : 
petiole 0-1 in. long or less, glabrous : lamina 0-3-0-4 in. by 0-25-0-35 in., 
plano-convex, somewhat tleshy, ovate obovate or oblong, apex rounded, base 
broadly sagittate, entire, glabrous, bright green above, paler beneath. Stem 
erect, somewhat zigzag at the nodes, wiry, glabrous, green turning brown ; 
internodes 0-3-1-2 in. long. Leaves alternate. Stipular sjjines 0-1-0-2 in. long. 
First leaf once paripinnate, rachis 0-5-0-7 in. long, terminating in a fine bristle, 
leatlets 4-8, usually six pairs, sub-sessile, 0-1-0-25 in. by 0-1 in. orless, obliquely 
oblong, entire, glabrous, mucronate ; next six or more leaves bipinnate with 
one pair of pinnae and 5-15 leanets on each pinna ; subsequent leaves with 
two pairs, followed in the second season by leaves with three or four pairs of 
pinnae. 

In loose fertile soil the growth of the seedling is fairly rapid, a height of 
2 ft . or more being attained by the end of the first season. Under usual natural 
conditions in poor dry soil, however, the young plant grows slowly. A long 
taproot is developed early, and may reach a length of 1 ft. in the first month. 
Loose deep soil is very favourable to its development, and stiJBE clay is 
prejudicial. The seedling is sensitive to suppression by weeds : it is also very 
tender to frost, but has good power of recovery when killed back. Seedlings 
raised at Dehra Dun ceased growing by November-Decernber, and new growth 
commenced in February— March. 

SiLvicuLTrjEAL chaeactees. Acacia lcucophloea is a decided light- 
demander. It stands drought well, and was not aSected hy the abnormal 
drought of 1899-1900 in the Indian Peninsula. Though young seedlings are 
sensitive to frost the tree itself is frost-hardy within its habitat : in the severe 
frost of 1910-11 in the Central Provinces it proved to be one of the hardiest 
of the indigenous trees. It suffers from browsing, goats in particular being 
very partial to it. It coppices well and produces root-suckers. 

Aetimcial eepeodtjction. Experiments at Dehra Dnn showed that 
direct sowing is more successful than transplanting. Young seedlings were 
found to transplant fairly well early in the rirst rainy season, but the trans- 
planting ehecked their growth. Line sowings were found to be the most 
successful, as it is necessary to weed regularly, and tliis oan be done most 
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Fig. 166. Acacia laucophloea. Seedlmgx£. 
a, seed ; 6-e, germination stagess ; f-i, deyelopment of seedlmg during first season. 
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effectively along lines. Sowings have given good results in Ajmer-Merwara 
in places where the soil was not too dry. Line sowings in conjunetion with 
the raising 01 held crops have been tried experinientally in Berar, and this 
system would appear to be the most satistactory one to adopt : the details of 
this iorm of sowing are given on p. 435, under Acacia araUca. 

Rate of gbowth. Reliable statistics 01 rate of growth are wanting. 
The tree is generally considered to be slow growing. A section 2 ft. 5 in. in 
girth, including bark, in the sihdeultural museum at Dehra I>un had 31 rings, 
giving amean annual girth increment of (\-9i in. 

icacia Caie idm, Willd. Cutch tree. Syn. A. Sundra, DC. ; Mimosa 
Catechu, Linn. Vern. Khair, Hind., Mar. ; Kagli, shemi, Kan. ; Karangalli, 
Tam. ; Sundra, tella tumma, Tel. ; Slta, Burm. 

A moderate-sized deciduous tree with a light feathery crown, the branch- 
lets armed with twin hooked priekles. Bark 0-4^0-5 in. thick, dark grey or 
greyish brown, rough, exfoliating in long narrow strips, brown and red inside- 
Sapwood yellowish white ; heartwood dark or light red, very hard and diirable. 
The wood is largely used for house-posts, agricultural implements, wheels, 
tool-handles, and other purposes : it also gives excellent fuel and charcoal. 
The substances cutch and kaih are obtained by boiling down chips of the 
heartwood : the former is largely exported for dyeing and tanning, and the 
latter is used for chewing with betel-nut. The tree sometimes reaches a fair 
size : Pig. 168 shows one 10 ft. 6 in. in girth. Prain x distinguishes three 
varieties, : 

(1) Var. Oatechu proper. Calyx, petals, and raehis covered with spreading 
hairs. Chieny in the Punjab, Garhwal and Kumaun, Bihar, Ganjam, and in 
the Irrawaddy valley : also in North Kanara and the Konkan (Talbot). 

(2) Var. eatechuoides . Calyx and petals glabrous, rachis puberulous. 
Chieily in the Sikkim tarai aud Assam, also in Upper Burma, Mysore, and the 
MLgiris. 

(3) Var. Sundra. Calyx, petals, and rachis all glabrous. Chieny in the 
Indian Peninsula and Upper Burma. 

Distribtjtion ANO HABITAT. Throughout the greater part of India aud 
Biuto, except in the most humid regions. The tree is most typically found 
in one of two main classes of torest : (1) in the shingly or sandy alluvial beds 
of rivers and streams which may or may not be dry for a considerable portion 
of the year ; here it is markedly . gregarioUs, of ten f orming entirely pure 
1'orests : (2) in dry types of torest on high land away from watercourses, 
where it is frequently more or less gregarious, thougli eommonly mixed with 
other species characteristic of dry regions. Esamples of forest typesin 
ditlerent localities are given below, and it will be seen that although the tree 
is capable of growing on the poorest soil in dry locahties, it occurs also in 
mixed torest of good quality — as in the drier types of teak forest in Burma— 
where it may attain considerable dimensions. 

Eoch and soil. Acacia Catechu occurs on a variety of geological f ormations 
and soils, though it undoubtedly thrives best on porous allmduni composed 
of sand and shingle and on well-drained sandstone, as in the Pegu Yoma. 
It is known to oceur on granite, gneiss, schist, quartzite, shale, basalt, trap, 

1 Journ. As. Soc. Bengal, LXVI, ii (1898), p. 508. 
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limestone, conglomerate, and laterite, while as regards soil it is common 011 
sandy and gravelly alluvium, and on loam or gravel with varying proportions 
of sand and clay ; it grows also on black cotton soil. It is frequent on arid 
shallow stony soil and grows even on sheet rock^ In the poor shallow soils 
composed of murram or kanliar, which are frequent in parts of the Indian 
Peninsula, it grows where few other species are able to survive ; this adapta- 
bility is seen also in parts of the sub-Himalayan tract, where it grows pure, 
though in stunted form, on poor hard soil composed largely of calcareous 
nodules, where hardly any other tree can exist. On stiff clay where the drainage 
is bad it becomes stunted and tends to die off early. 

Climate. Acacia CaUcliu is essentially a tree of comparatively dry regions, 
though in its alluvial form it extends into regions of heavy rainfall, as in the 
eastern sub-Himalayan tract, where it is found in places where the rainfall 
is as much as 150 in. In gravelly riverain tracts, however, it has few com- 
petitors and is no doubt enabled to establish itself for that reason. Away 
from riverain tracts it occurs ordinarily in localities where the normal rainiall 
varies from 20 to 85 in. In its natural habitat the absolute maximum shade 
temperature varies from 105° to 120° F., and the absolute minimum from 
30° to 55° F. 

Local occurrence. Snb-Himalayan traci. Acacia Catechu is common. 
throughout the sub-Himalayan tract from tlie Indus to Assam, asceuding the 
Himalayan valleys to 3,000 ft. and sometimes to 4,000 ft. Erom the Jumna 
eastwards it occurs either gregariously in the beds of rivers and streams or 
in various types of dry niixed forest, where it may be either more or less 
gregarious or scattered. The riverain Jchair forests of northern India are very 
characteristic. They spring up on new alhivium along the banks or in the 
beds of the rivers and streams in the valleys of the outer Himalaya and the 
Siwalik range, 011 deposits of sand, shingle, and boulders, extending some 
distance out intp the plains provided tlie alluvium remains sandy or shingly 
and does not reach the consisteney of soft mud. In these alluvial 1'orests the 
lchair is either pure or mixed with Dalbcrgia Sissoo, and occasionally witli 
Acacia ebwrnea, Bombax malabaricum, Albizzia procera, and a few other species. 
It is also associated with characteristic grasses, the chief of which are Saccharum 
Munja, S. spontaneum (xerophilous form), Aristida cyananlha, Triraphis macla- 
gascariensis , and Andropogon monticola. There is oiten a dense undergrowth 
of Adhatoda Vasica in these riverain forests. The gregarious habit of the tree 
in this type of forest is shown in Fig. ] 69. 

At the higher elevations it meets the hill species ; for example, above 
Ratighat in the Naini Tal hills, at 4,000 ft., it grows in a river-bed with 
Quercus incana ancl Pinus longijolia growing on the slopes clown to the edge 
of the river : in thc same locality it is found mixed with Celtis a.ustralis on old 
riverain bonlder beds. 

In non-riverain tracts the tree occurs either in scattered savannah lands 
or in various types of dry mixed forest, sometimes as a survival from former 
riverain forest which has become elevated at no very distant date above the 
river-bed owing to changes in the course of the river, but frequently on land, 
both flat and hilly, which shows no such recent transition, or on which it has 
sprung up naturally after the land has ceased to be new alluvium. In such 
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Ji"ra. 107. Acttcin le.iicopliloen, Upper Bnrma. 
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Fia. 1G8. Acacia Cnltchu tree. 10 ft. fi iu. in girtli, in 
riverain tract, Siwnliks, United Piovince=. 
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tracts the khair is frequently mixed with a variety of deciduous species, such 
as Dalbergia Sissoo, Bombax malabaricum, Gantga pinnata, Odina Wodier, 
Ehretia laevis, Phyllanthus Emblica, ZizypJms Jujuba, BauJdnia racemasa. 
Holarrhena anlidysenterica, and others. On drier and poorer ground itis stunted. 
but survives under conditions which are unfavourable to the existence of 
almost every other species. Striking examples of its hardiness occur in certain 
parts of the submontane mixed forests of the Gonda district in the United 
Provinces, on undulating ground intersected by ravines ; the soil, besides 
being very poor, is subject to erosion, which is hastened by graziiig, and 
the roots of the trees are in consequence much exposed, as shown in 
Pig. 172. In the poorest parts of these tracts Acacia GatecJiu occurs pure, 
nothing else being capable of growing, but where the soil is somewhat more 
favourable it is associated with stunted specimens of Diospyros tomentosa, 
Anogeissus latijolia, Buchanania latijolia, and NyctaitiJies Arbor-tristis. The 
soil, which is excessively poor, is a reddish clay with calcareous nodular 
pebbles. 

West of the Jumna the riverain type of Jchair forest is scarce, being 
connned to a few localities, for example in parts of the Kangra valley, but tlie 
tree is common on the dry foot-hills, often associated with A. modesta, and 
extends in some places into the region of Pinus longijolia. 

In the sub-Himalayan tract Acacia Catechu occurs in localities where the 
normal rainiall varies from 25 to 180 in. 

Indian Peninsida. The tree is common throughout the greater part of 
the Indian Peninsula in dry types of mixed forest on a variety of geological 
tormations and soils. 

In the Central Provinces and elsewhere it occurs in open grass-lands, and 
in teak f orest of a dry type as well as in forest devoid of teak, its commoner 
associates being Terminalia tomentosa, T. CJiebula, Lagerstroemia parviflora, 
Anogeissus latijolia, Diospyros Melanoxylon, Ougeinia dalbergioides,BucJianania 
latifolia, ZizypJius Jujuba, Z. Xylopyrus, Aegle Marmelos, Odina Wodier, Butea 
jrondosa, Acacia leucopJiloea, CocMospermum Gossypium, HolarrJiena anli- 
dysenterica, PliyllantJius Emblica, CJdoroxylon Swietenia, Soymida febrifuga, 
GleistantJius collinus, Gardenia latifolia, G. lucida, and other trees, as well as 
the bamboo Dendrocalamus strictus. On dry hills it is found with Boswellia 
serrata and Sterculia iirens, in places where the soil is poor and shallow, with 
sheet rock cropping out. It is also found associated with HardwicJcia binata 
on trap or on gravehy soil. In the Central Provinces it is one of the commonest 
species in a poor stunted type of f orest where the soil has an excess of calcareous 
nodules on the surface, its chief associates here being CJdoroxylon Siuietenia, 
Soymida jebrijuga, Diospyros Melanoxylon, BucJianmiia latifolia, and Ter- 
minalia tomentosa. 

In Bombay it occurs in Guzerat, the Deccan, and the South Mahratta 
country in dry open thom forests. It is associated with many of the species 
already named as well as with Prosopis spicigera and sometimes Acacia arabica ; 
here also it forms poor stunted types of forest on dry calcareous or mwram 
soil. Talbot says that it ascends to 3,700 ft. in the Khandesh Akrani, and that 
it occurs nearly pure in larger or smaller patches on the low level laterite 
near the sea-coast in North Kanara and the Konkan. In the Dangs of Surat 
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it is common, but not so plentiful as it once was, having been heavily worked 
at one time for catechu boiling. 

In Chota Nagpur it is 1'ouncl not only in clry mixed decicluous f orest but 
also frecruently in association with sal. It occurs in the dry f orests of Central 
India and P^ajputana, often growing on mere sheet rock in the hilly tracts. 
It is common in Merwara associated with Anogeissus pendula, Albizzia odora- 
tissima, Boswellia serrata, Acaoia leucopliloea, and other species. 

In Madras it is common in dry mixed f orests, often on dry stony soil, 
associated with Acacia leucophloea, Albizzia amara, A. odoratissima, Chloroxylon 
Swietenia, Prosopis spicigera, Gassia Fistula, Anogeissus latijolia, Zizyphus 
Jujuba, Z. Xylopyrus, Santalum album, Hardwichia binata, and others. 

Burma. Acacia Gatechu is one of the commonest trees in the clry zone 
of Upper Burma, where it occurs partly in the f orm of pure crops in the sandy 
beds of streams and partly on dry ground away from rivers and streams. 
The riverain cutch attains fairly large dimensions, but the trees 011 the higher 
ground are often stunted, forming scrub forests in association with Acacia 
leucophloea, Terminalia Oliueri, T. tomentosa, Tectona Hamiltoniana, Gapparis 
burmanica, G. flavicans, Gassia renigera, Bauhinia racemosa, Zizyphus Jujuba, 
Azadirachta indica, Diospyros burmanica, Limonia acidissima, Macourlia cata- 
plwacta, Oardenia turgida, Phyllanthus Emblica, Pentacme suavis, and occa- 
sionally Dipterocarpus tuberculalus . In this clry region, where the rainiall 
varies from about 23 to 40 in. and the soil is often poor and shallow, the trees 
are for the most part of small size and the crop is open. Cutch trees were 
formerly morc plentiful than they are now, hut have heen extensively cut out 
for cutch boiling, not only the stems but also the stumps and main roots 
having been utilized for this purpose. 

In Burma the tree extends well outside the dry zone proper, occurring 
both in Upper and.in Lower Burma and in the Shan States in mixed decicluous 
forests with or without teak, in association with Terminalia tomentosa, T. Ghe- 
bula, Xylia dolabrijormis, Homalium tomentosum, Pierocarpus macrocarpus, 
Dalbergia cidtrata, Pentacme suams, Shorea obtusa, and many other species 
characteristic of the drier types of the upper mixed forest. Bamboos are 
also common, the chief being Dendrocalamus strictus, Bambusa Tulda, ancl 
Gephalostachyum pergracile. In the Pegu Yoma the tree extencls southward 
to the northern part of the Tharrawadcly clistrict, where on the well-drained 
sandstones and shales of this range it attains large dimensions, the minimum 
felling diameter under the Taungnyo working plan being fixed at 1 ft. 6 in. 
In the Thayetmyo forest division (East Yoma and other reserves) the exploit- 
able girth is fixed at 4| ft. In Burma it cloes not extend into regions with 
a rainiall higher tlian 65 in. 

Lbait-shedt)Ing, li-LOWERlNG, and frttiting. The tree is leatlcss for a time 
during the hot season. In northern India the leaves are shed about Pebruary, 
the new leaves appearing towards the end of April or during May. Wheii 
leatless the hhair forests have a grey and dreary appearance, in strong contrast 
to the fresh green of the sissoo crops, which by that time have come into new 
leaf. By June, however, the khair forests have acquired their new delicate 
green feathery foliage, and are a beautiful sight. The whitish nowering spikes, 
2-3' 5 in. long, which are axillary on the young shoots, appear with the new 
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Fic 170. Acacia Catcclm — Seedling X J- 

a — Fruit b — Seed c-g — Germination staRes h-j — Early development of seedling, first season 
k— Seedling towards end of second season 
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leaves, and add to tlie beauty of the trees. The trees contmue in nower until 
July ot August, sometimes later. The pods develop rapidly, becoming full- 
sized by September or October, and turning from green to reddish green and 
then to brown : they begin to ripen by the end oi November amf continue 
ripening during December and early January. The pods (Eig. 170, a) are 
2-4 in. long by 0-4-0-6 in. broad, straight, flat, dark brown, shining, dehiscent, 
usually three- to sis-seeded. The seeds (Eig. 170, b) are 0-25-0-35 in. by 
0-2-0-3 in., broadly ovate or orbicular, dark greenish brown, smooth, shining, 
moderately hard, with a hard testa which becomes soft and pliant on soaking. 
About 900-1,100 seeds weigh 1 oz. 

The pods dehisce not long after ripening, and commence talling in January, 
continuing to fall in the succeeding months : the seeds adhere to the pod 
valves, and the latter being light are often blown to a considerable distance 
from the trees, dissemination of the seed being eff ected in this way. In alluvia] 
tracts the dissemination of the seed is turther effected by water. Some pods 
remain on the tree until the following October, by which time, however, the 
seed has become so damaged by insects as to be useless. 

As a rule the tree seeds well every year. The seed can best be collected 
by stripping the pods off the trees in Decemher or early January and spreading 
them in the sun for a few days. The seeds cling teuaciously to the pod valves. 
and in order to detach them it is necessary to heap the pods on a large cloth 
and beat them well with sticks, after which the seeds can be separated by 
shaking and winnowing in a flat basket. 

The seed is badly subject to insect attacks, even when carefully stored. 
Seecl kept f or one year was tested at Dehra Dun and found to be quite unf ertile : 
it is not certain how far this was due to insect attacks. It is advisable, there- 
fore, to sow the seed the year in which it is collected. The fertility of fresh 
undamaged seed is high. The seed germinates readily with moderate rain, 
and requires no spccial preparation to stimulate germination. 

Germination (Fig. 170, c-g). Epigeous. The radicle emerges first and 
curves downwards ; the hypocotyl then elongates, with or without arching, 
and raises above ground the cotyledons enveloped by the testa. The cotyledons 
expand, turning from yellow to pale green, and the testa falls to the ground. 

Tl-IE SEEDLING (Fig. 170). 

Bools : primary root long, wiry, thickening considerably after a few 
months, terete, tapering, whitish or pale brown becoming darker brown : 
lateral roots few to numerous, short, tibrous or wiry, distributed down main 
root : nodules present. Ilypocotyl distinct from root, 0-5-0-8 in. long, terete, 
expanded in a ring at the base, white beconhng green, glabrous or sparsely 
pubescent in upper part. Cotyledons very shortly petiolate, plano-convex, 
somewhat heshy, 0-3-0-4 in. in diameter, orbicular, enth-e, base sagittate, 
glabrous, yellow becoming green, obscurely 3-veined. Stam erect, somewhat 
zigzag at the nodes, thin, delicate at hrst, becoming why, green or reddish, 
young parts pubescent, elsewhere glabrous or nearly so. Leaves alternate, 
(Stipules minute, subulate, caducous. Eirst leaf once paripinnate with three 
to four pairs of opposite leatlets 0-2-0-25 in. by 0-1 in., rachis pubescent ; 
subseo.uent leaves bipinnate, at hrst with one pair, then with two pahs of 
pinnae, each pinna at first with 3-5 pairs of leatlets, the number increasing 
with succeeding leaves, leatlets 0-2-O-4 in. by 0-1-0-2 in. ; the number of 
pinnae increases in subsequent leaves. 

12 



454 XXIII. LEGUMINOSAE 

tracts water is also an important agency. Germination takes place early in 
the rainy season, and the early development of the seedling is greatly favoured 
on loose soil f ree f rom weeds- Thus on alluvial sand or gravel countless numbers 
of small seedlings may be found in the early part of the rainy season, not only 
in the open, but also under comparatively dense cover. In the latter case they 
die rapidly owing mainly to shade ancl to damping off, and by the end of the 
season hardly a seedling is to be'found. In the open a fair proportion survive 
provided they are protected from grazing : frequently, however, there is high 
mortality from drought, particularly if the soil is stiff or shallow and the Toots 
have diinculty in penetrating it. The seed germinates readily with heavy 
rain, and although germination takes place ordinarily at the commencement 
of the monsoon it may begin earlier in the season if abnormal falls of rain 
occur ; when tliis happens the seedlings almost invariably die off or the 
germinating seed perishes in the ensuing spell of dry weather. Such mortality 
is particularly marked in the case of seeds germinating on the surface of the 
ground. Experiments at Dehra Dun showed that this early germination takes 
place more readily on ground exposed to the sun than in shady places, owing 
to the greater warmth in the former case. In alluvial riverain situations the 
tufts of grass which frequently appear on nqw groimd, provided they are not 
too dense, act as a useful protection from drought in the eaiiy stages. In wet 
and sodden grass, however, the seedlings damp off. 

The adverse eiiects of grazing have been alluded to above, under ' the seeci- 
ling ', in tlie ease of a riverain plot in the Siwaliks. A striking example of 
the benents of closure to grazing canie under my notice in- the submontane 
mixed forests of the Goncla district, Unitecl Provinces, along a central tireline 
which separated a biock of 1'orest permanently closed to grazing from an 
adjoining block open to grazing. The forest on eithor side of the line was 
similar, except that on the side closed to grazing lcJiair trees of all sizes nlled 
up every gap, while on tlie side open to grazing this species was represeutcd 
by only a few old trees. In one part thc grazed forest eonsisted of a rather 
open growth of neaiiy pure bael (Aegle Marmelos), whilc 011 the opposite sicl.e 
of the line the forest closed to graaing consisted of a dense crop of Jcliair with 
bael trees scattered through it. Numerous other instances might be quoted 
of the advcrse eiiects of grazing on the natural reproductiou of Acacia Catechu, 
but the above will suiTice. 

Eorest Ranger A. K. Desai x remarks ou the large quantity of JcJtair 
reproduetion whieh appeared in gaps formecl by the heavy expioitation of 
trees killed by the abnonnal drought of 1899-1900 in the Goclhra range of the 
Panch Mahals, Bombay, this reproduction being stimulated by the admission 
of iight and warmth, ancl no cloubt also by the breaking up of the soil during 
the extraction of the timber. , 

The treedom with which natural reproduction springs up in alluvial 
riverain tracts is remarkable. The chief factors favouring it in such localities 
are the new loose soil free from heavy weeds and the abundance of iight, while 
the soil moisture obtained by percolation no doubt also assists the development 
of the seedlings. As the crops become older aiid elevated above the river-bed 
through changes in the course of the river, the conditions for natural repro- 

1 Incl. Poreeter, xxxiv (1908), p. 15. 
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Fig. 171. Line sowinga of Acacia Cntecliu 3i montUs okl in eoujunetion 
irith tield erops, Delira Dun. 




Pia. 172. Acacia Oaleehu 011 very poor eroded ground, Gonda district, Unitcd Proyinees. 
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duction change. The ground becomes harder and a dense undergrowth of 
Adhatoda Yasica or other plants frequently makes its appearance. Under 
such conditions natural reproduction is no longer possible, and although it 
continues to take place where new ailuvium is thrown up it ceases tinder the 
old crops. 

Arti:ficial eeprodttctiok . Numerous experiments in the artincial repro- 
duction of Acacia Gatechu have been carried out at Dehra Dun. These bave 
shown that transplanting cannot be relied on, but that direct sowing. if earried 
out properly, is highly successful. Trausplanting was tried under different 
conditions, both in the first and in the second season, and moderate success 
was attained only by transplanting young plants early iu the first rainy season, 
care being taken to avoid any injury to the root-system. This, however, does 
not appear to be the experience everywhere, for Mr. Pearson * says regarding 
this species in Bombay : ' The only results at all favourable with khair are 
those when carried out with large plants.' In the Dehra Dun experiments 
pruning of the roots and stem hwariably resulted in the death of the 
seedling. 

The success of direct sowings depends on : (1)' the degree to which the soil 
is kept loose forthe first two years or so after sowing; (2) thorough weeding; 
(3) abundance of light from the commencement. In addition the thinning 
out of the young plants has a marked effect on their development. Irrigation 
undoubtedly stimulates tbe growth of the plants, but is not essential provided 
regular loosening of the soil is carried out. 

In the Dehra Dnn experiments the greatest success was attained by line 
sowings, particularly in combination with the raising of tield crops. A distance 
of 8 to 10 ft. between the lines should be sufficient. It was foiuid necessary 
to sow the khair seed along the lines in clear strips 2 to 3 ft. wide, tbe field 
crops being sown in the inteiwening spaces (see Fig. 171). Where the crops 
were sown eontinuously over the area many of the seedlings were Idlled by 
suppression, the development of tbe survivors was poor and the stocking was 
incomplete, while the sudden exposure when the crops were reaped caused 
the leaves of the seedlings to fall prematurely and many of tbe seedlings to 
die down partially. The field crop employed was the lesser millet or mandwa 
(El&usine, coracana), which was sown in May or June and reaped in October : 
the land was cleared forest land, and the millet crop was dense and heavy 
and up to 3| ft. in height. The khair seetl was sown at tbe same time as the 
millet, and the lines were kept weeded botb when the crops were on the ground 
and af ter they were reaped. The results along the weeded lines were admirable, 
the seecllings being plentiful and vigorous and attaimng a maximum height 
of 2 ft. 3 in. by the end of the first season and 6 ft. 3 in., with an average of 
4 ft. 3 in., by the end of the second season. Regidar thimiing of plants, com- 
meucing from the end of the first season, stimidated their development greatly. 
The necessity f or regular weeding may be reahzed from the f act that one line 
was left unweeded after the reaping of the crop, with the result that by the 
end of the next season every seedling had been killed by weeds. 

In the Dehra Dun experiments, weeded line sowings without rleld crops 
also provecl highly successtul where the soil was thoroughly ioosened before 

1 Ind. Forester, xxxi (1905), p. 638. 
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sowing, and regular weeding, thinning, and loosening of the soil were carried 
out subsequently : 1 lb. 01 seed was found sunicient for about 350 ft. lengtli 
of line. Fig. 173 shows line sowings at the encl of the third season. 

Sowings of Acacia Catechu have been carried out in many parts of India 
and Burma in a variety of ways. In the grassy savannahs of Oudh line 
sowings have proved successful in spite of a fairly tall growth of grass in 
the rains. In Berar line sowings in conjunction with rield crops have also 
done well : the system employed has been described under Acacia arabica 
(p. 435). 

Mound and ridge sowings have been carried out with varying success. 
Owing to their high cost, however, they are hardly justined except on very 
stiff soil where the drainage is bad. Broadcast sowing has also been frequently 
tried, often with success : where suppression from weeds is to be feared, how- 
ever, it cannot compare with line sowings. 

In Burma numerous cutch plantations have been formed on the taungya 
system, the seed being dibbled 6 ft. by 6 ft. or 12 ft. by 3 it. or 9 ft. by 4 ft. 
on temporary forest clearings in which iield crops, usually hill rice, are raised. 
ln many cases mixed plantations of teak and cutch have been formed in this 
way. The two species, however, do not mix well, their requirements being 
dissimilar ; not only does the cutch damage the teak by contact with it, 
but one of the species in time usually ousts the other, the cutch or the teak 
gaining the upper hand according to the nature of the locality. These 
mixed plantations are not as a rule formed now. A description of these 
taungya plantations is given under Tectona yrandis. 

Silyictjlttjral tkeatment. Under existing working plans the tree is 
frequently worked under coppice or coppice-with-standards, both in alluvial 
tracts and in mixed f orests. The khair and sissoo forests of the Ganges islands, 
for example, are worked as simple coppice on a rotation of twenty years, 
a protective belt at least 100 ft. wide being left uncut round the edges of 
the islands. Provided the trees coppiced are Uot too old, and provided the 
standards are not numerous enough to suppress the coppice, this system has 
usually answered satisfactorily for the production of poles. 

The treatment under high forest is a more dimcult matter. Several 
working plans, both in India and in Burma, prescribe selection fellings, the 
object of which is to remove mature trees. This, however, does not ensure 
reproduction, which cannot be obtained under any system which does not 
involve removal of the overwood and of weed-growth. This being so, as far 
as experience goes the only system under which complete regeneration can 
be ensured on a given area appears to be that of clear feliing with artihcial 
reproduction. The question of regenerating riverain crops of Dalbergia Sissoo 
has been discussed in some detail on p. 314. The system proposed is to 
divide these crops into two classes, stable and unstable, the former to be 
regenerated artihcially, while in the latter the f eUings would consist of utilizing 
marketable material, regeneration being left to the vagaries of the river. For 
riverain crops of Acacia Oatechu exactly the same procedure is indicated. 

In crops of Acacia Catechu which tend to become very dense, regular 
thimiings are of great importance. 

Rate oit growth. Coppice. Statistics relating to coppice growth are 
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scanty. Measurements in Bhaudara, Central Provinces, in 1912-13' showed 
the average height of coppice-shoots one j ear old to be 6 ft. 4 in. as against 
7 ft. 1 in. for teak and 6 ft. 6 in. for TerminaUa tomentosa. Measureiuents 
recorded by Mr. A. F. Broun at Bullawala near Dehra Dun iri 1886 showed 
an average girth of 8 in. and an average height of 11 ft. 4 in. for coppice 
nine years old. 

Highforest. The annual rings are usually, but not always, quite distinct, 
and the rate of growth can thus as a rule be deduced from ring-couutings, 
Measurements show the growth to be extremely variable. Gainble sayss 
Himalayan specimens show 5 rings per inch of radius, giving a mean annual 
girth increment of 1-26 in. ; a specimen from the bed of the Mahauadi, Dar~ 
jeeling tarai, showed 3' 8 rings per inch of radius, giving a mean annual girth 
increment of about 1-7 in., which is fast. 

Extremely slow growth is shown in an unthinned riverain sample plot. 
of lcliair mixed with Dalbergia Sissoo in the Saharanpur Siwaliks in a somewhat 
dry locality with a soil of sand aud boulders. The measurements, which 
applied to forty-five trees and extended over five years only (1910-11 to 
1915-16), gave the foIlowing results : 

Acacia Gatechu : girth increment in unthinned sample plots, Siwaliks, 

United Provinces. 
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Although these results can hardly be regarded as very accurate owing 
to the short period over which the measurements extended and to the fact 
that dominated and suppressed trees were included, they emphasize the 
importance of carrying out regular thinnings to promote more rapid growth. 
A somewhat faster rate of growth is shown in an unthinned sample plot 
in the Sathiana block of the North Kheri forests. Measurements, which 
extended over eight years and related to seventy-five trees, gave the following 
results : 

Acacia Gatechu : girth increment in mathinned sample plot, Sathiana block, 
North Kheri. United Provinces. 
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This plot was situated within the limits of the sal forests, not on reeent 
alluvium. 
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Measurements of 100 trees by Mr. Beadon Bryant in the Kumaun sub- 
Himalayan tract gave the following results : x 
Girth. 

Over 4 ft. 6 in. . 

3 ft.-4 ft. 6 in. . 

1 ft. 6in.-3 ft. . 

1 ft.-l ft. 6in. . 

Periodical measurements of 117 trees in three unthinned sample plots in 
the Palamau clistrict of Bihar and Orissa gave the f ollowing results : 2 
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Acacia Catechu 



girth increment in unthinned sample plots, Palamau, Bihar 
and Orissa. 
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Mr. W. B. Fisher 3 records very rapid growth in a plantation at Kuch 
Behar where the seed was sown in 1873 ancl 1874 : measurements made in 
1881, the plantation being then seven to eight years old, showed an average 
ancl maximum girth of 1 ft. 6 in. and 2 ft. 1 in. respectively. 

Measurements recorded by Mr. J. Nisbet 4 from the dry, intermediate, 
and moist zones in Upper Burma showed rapid growth, particularly in the 
moist zone. The iollowing is a summary : 

Acacia Caiechu : girth measurements, Upper Burma. 



Diatrict. 

Yamethin and Meiktila 

Yainothin and Meiktila 

Yamethin (Pyinmana sub- 
division) and Minbu 

Ring-countings which I earried out in 1902 in the Meiktila distriot of 
Upper Burma on twenty stumps in pure riverain cutch forest on sandy soil 
gave thc 1'ollowing results : 

Acacia Catechu : girth increment, riverain lorest, Meiktila district, 

Upper Burma. 
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Workiug Plan for the Kumann Porest Division, 1893. 



" Ind. Por. Records, vol. vi, pt. v. 
4 ZM.,xix(1893), p. 11. 



3 Ind. Eorester, vii (1881), p. 41. 
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This shows rapid growth, and as the rings were perfectly distinct the 
figures may be regarded as accurate. The diameter of heartwood averaged 
0'67 of the whole dianieter including bark. 

Proportion of Jieartwood. The iollowing measurements by Mr. A. Rodger 
of about 100 sections of cutch trees in the Thayetmyo and Prome districts 
01 Burnia show that the percentage of heartwood increases with size : 



cacia Oatechu : 


measurements of heartwood in trees of clifferent sizes. " 
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4. Acaeia modosta, Wall. Syn. Mimosa dtimosa, Roxb. Vern. Phului, 
Punjab. 

A moderate-sized thorny tree with a hushy rounded erown and drooping 
branchlets. Bark rough, with munerous irregular cracks. Sapwood large, 
white : heartwood very hard, dark brown with black streaks, not durable, 
used l'or cane-crushers, Persian wheels, and agricultural implements, and 
largely for fuel. The tree is useiul for atlorestation purposes on poor stony 
soil in the dry lower hills ancl plains : it also makes a good hedge plant if 
trimnied. 

This tree oocurs more or less gregariously in the dry outer Iiills and yalleys 
of the Suliman Pv-ange, ascending to 4,000 ft. in the Salt Range, the sub- 
Himalayan tract from the Jumna westwards, ascending to 4,000 ft., the 
northern part of the Punjab plains, and Baluchistan. In Hazara it is common 
on limestonc in the scrub torests of Khanpur, ancl oc%urs in the Kagan valley 
on hot shaly hiU-sides up to 5,500 ft. Within its natural habitat the rainfall 
varies from 15 to 50 in., the absolute maximuni shacle temperature may rise 
to over 120° F., and the absolute minimum may sink to well under freezing- 
point. 

It is found on various geological formations, including limestone, sand- 
stone, conglomerate, and shale, and is capable of growing in poor dry shallow 
soil where few other species can survive- It may occur pure or in mixture 
with other trees. Among its oommoner assoeiates are Oha cuspiclata, Acacia 
Cateclm, Placourtia Bamontchi, Tecoma unchdata, Prosopis spicigera, BauMnia 
mriegata, Odina Wodier, ZizypJms Jujuba, Ehretia laevis, and other miscel- 
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laneous species, often with an undergrowth of Dodonaea viscosa, Carism 
spinarum, Adhatoda Vasica, Woodfordia floribunda, and other shrubs. It 
extends into the lower limits of Pinus longijolia in some parts of the outer 
Punjab hills. On poor dry localities at low elevations it is sometimes associated 
with Salvadora oleoides and Capparis a.phylla. The new leaves appear in 
March : thcy are of a delicate green colour, but turn later to an ashy grey. 
The spikes of fragrant white Aowers appear from March to May, when the 
trees are conspicuous with their masses of white tasselled blossoms. The pods 
ripen in the autumn and hang long 011 the tree ; they are 2-3 in. long by 
0-5 in. broad, flat, indehiscent, three- to hve-seeded. The seeds, like those of 
A. arabica, are subject to the attacks of weevils. The tree seeds freely at 
frequent intervals, but oceasional bad seed-years occur. 

The tree is a drought-resistant species. It coppices well, and is usually 
worked as coppice-with-standards. The coppice-shoots as well as secdling 
plants require protection from browsing, as they suffer much damage from 
goats, sheep, and camels. Seedling reproduction is somewhat disappointing, 
and in many localities grazing is largely the cause of this. The tree has been 
raisecl artincially by direct sowings in afforestation operations in the outer hills. 

An attempt was made by Mr. A. M. Reuther during the preparation of 
the Kalachitta working plan * to deduce the rate of growth by ring-countings 
on stumps of trees selected and felled for the purpose. As the rings are not 
always easy to distinguish he was unable to place absolute reliance on the 
results, which must be taken as approximate only. Erom the reeorded 
nieasurements the f ollowing statement showing the approximate rate of growth 
has been prepared : 

Acacia modesta : rate of growth in Kalachitta forest. 

Age. Mean height. Mean girth. 

years. ft. ft. in. 

10 6-0 5-7 

20 12-0 11-4 

30 15-0 1 5-0 

40 17-5 1 10-8 

50 19-7 ' 2 4-6 

Parker says the growth is very slow, plantations madc in the sub- 
Himalayau tract having reached a height of 18-20 ft. in as manyyears, though 
the girth was only about 1 ft. at the base. 

5. Acacia Senegal, Willd. Syn. A. rupestris, Stocks. Vern. Khor, Sind ; 
Kumta, Rajputana. 

A small thorny deciduous tree, usually gnarled, ordinarily reaching 
a height of 10-15 ft. and a girth of 1-2 ft. Bark smooth, pale greenish grey, 
peeling off in flakes and exposing the yellowish new bark underneath ; branches 
smooth, grey, shining, flexuose. The wood, which is hard with a neariy black 
heartwood, is used for weavera' shuttles and for f uel, and the true gum-arabic 
of commerce is obtained irom wounds in the bark. In habit and appearance 
thexree resembles A. modesta, but is readily clistinguished by its smooth pale 
bark, its infra-stipular spines in threes, and its larger pods. 

This is a tree of the arid regions of India, occurring on the dry rocky 
hills of Sind, the south-east Punjab, the Aravalli, and the other hills of Raj- 
1 Working Plan for the Kalaehitta Forest, Rawalpindi Eoreat Division, 1897. 
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putana, where it is abimdant, and Ajmer ; it is also touncl in Arabia and Atrica. 
In its Indian region the absolute maximum shade temperature may rise to 
ovcr 120 u F., and the absolute minimum may sink to well under freezing- 
point, while the normal rainfall varies from about 10 to 25 in. The tree occurs 
on the poorest soil on rocky hills and sandy tracts. In Ajmer it is associated 
with Anogeissus pendula, Acacia Catechu, and Boswellia serrata : here it pro- 
duces abundant seed every year, ancl is said to regenerate ireely under con- 
ditions adverse enough to prevent the regeneration of A. Catechu. Parker 
says it regenerates much more freely tban A. modesta, ancl that it has been 
employed successfully for atEoresting bare rocky hills and shiiting sand in the 
Jaipur state, Rajputana. Mr. E. McArthur Moir, 1 writing of sowings of this 
and other species in the dry regions of Ajmer-Merwara, notes that the seedlings 
died back for two or three years beforc hnally establishing themselves and 
becoming capable of resisting drought and frost, developiug in the meantime 
taproots of great length and thickness. The tree is readily browsed by camels 
and goats. It is a hardy species, surviving under most adver.se conditions. 

The tragrant white Aowers, in lax spikes 2-4 in. long, appear from August 
to December ; the pods, which ripen the tollowing spring, are 3 in. long by 
0'7 in. broad, thin, flexible, brown when ripe, five- or six-seedecl, tardily 
dehiscent. 

6. Acacia planiirons, W. and A. TJmbrella thom. Vern. Kodaivelam, 
odai (which is also a name given to A. Latronum), Tam. ; Godugu thwnma, Tel. 

A small to moderate-sized tree with a flat spreading dense umbrella-like 
crown, common and often gregarious in the southem parts of the Inclian 
Peninsula, in the south Deccan, Salem, Madura, Tinnevelly, and Travancore, 
in dry forests, often occurring along with A. Latrormm, and sometimes also 
with A. arabica, Albizzia amara, DicJirostachys cinerea, Chloroxylon Swietenia, 
and a few others. Mixed with A. Latronum it forms at times a dense and 
impeuetrable growth, but often it occurs in stunted form in open crops. In 
shape it exhibits the umbrella form characteristic of tropical open xerophilous 
wooclland. The tree reproducea from root-suckers when felled ; in the Tin- 
nevelly district it is worked for the production of fuel as simple coppice on 
a rotation of fifteen years, reproduction being largely from root-suckers. 
Seedling reproduction is also said to be goocl in open places. 

7. Acaeia Latronum, Willd. Vern. Odai (also a name given to A. platid- 
jrons), odai usal, Tam. ; Jala, Tel. 

A gregarious very thorny shrub or small tree resembling A. planifrons 
in its spreading umbrella-like crown, but smaller than that species. It ia 
common in the dry parts of tlie Deccan and southem India, covering con- 
siderable stretches of country with a dense impenetrable thorny scrub, and 
often growing on bare hard gravelly soil, both on flat ground and on the lower 
hill slopes, where it may perform a useful function iu preventing erosion and 
in protecting young plants of other species from injirry by browsing. It is 
readily browsed by goats itself, though its thorns attord a formidable protec- 
tion. The thorns are of two kinds, one large, white, conical and hollow, often 
tenanted by large black ants, and the other shorter and slender. Among its 
more common associates are Acacia planijrons, A. leucophloea, A. arabica, 

1 Ind. Eorester, iv (1879), p. 387. 
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Albizzia amara, Iiandia dumetor-um, Azadirachta indica, Dichrostachys cinerea, 
and Gldoroxylon Swietenia. On poor soils it is sometimes associated with 
Acacia ebumea, Balanites Roxburghii, and Gapparis aphylla. 

8. Acacia Farnesiana, Willd. Syn. Vachellia Farnesiana, W. and A. 
Cassie nower. Vern. Wilayati bahul, wilayati hihar, guhihar, Hind. ; Jalli, 
Kan. ; Kanlcri, Mar. ; Nanlongyaing, Burm. 

A thorny shrub or small tree reaching a height of 15 ft. or sometimes 
more, with iragrant Aowers from which a periume is extracted ; it yields 
a gum. Incligeiious in tropical America ; cultivated and self-sown throughout 
the greater part of India and Burma. In northern India it is sometimes 
fonnd gregariously in river-beds on loose sandy soil, a condition which appears 
to favour its establishment. On the plains of the Tunjab it grows well on 
pure sand in fairly dry places, and wonlcl probably clo well for sowing up 
shifting sands. 

The nowering season is somewhat irregular, but lasts chieny from Novem- 
ber to March ; the bright yellow globose Aower-heads are powerfully scented. 
The pods formrapidly, and are usually full-sized but still green by May. They 
commence ripening about July (Dehra Dun), but hang long on tho tree, ancl 
may be collected almost any time. Tlie pods are 2-3-5 in. long by 0-5 in. 
tlrick, nearly cylindrical, pointed at both ends, turgid, dark brown when ripe, 
with a double row of numerous seeds embedded in dry spongy tissuc ; they 
are harclly dehiscent. About 300-340 seeds weigh 1 oz. The pods usually 
fall without dehiscing, ancl the valves become eaten by insects or decay or are 
beaten open by heavy rain, the seeds being washecl out. The seeds often 
germinate within the pocl, a dense clump of seedlings resulting. Germination 
takes place during the rains, but many seeds remain on or in the ground for 
a whole year, germinating in the seconcl rains. At Dehra Dun the season's 
growth encls about December ; the leaves commence falling in November- 
December and the plants are leatless or nearly so in January-Eebruary, the 
new Ieaves appearing in Eebruary-March. 

Uuder favourable conclitions the growth of the seedling is rapid. Seed 
sown at Dehra Dun in May in a nursery-bed regularly watered and weeded 
produced plants up to 7 ft. high by the end of thc hrst soason, and these 
rlowered early the next year. In another plot seedlings regularly weeded but 
not watered reached maximum heights of 2 ft. 1 in. ancl 7 ft. 10 in. by the 
end of the first and seoond scasons respectively, ancl by the end of the third 
season the dominant plants varied from 7 ft. to 14 ft. 4 in. in height ; they 
commenced Aowering in the end of the second season and the pods ripened 
successfully in the third season, the plants being then about two years olcl. 
The plants require free growing space, and the smaller ones are quickly sup- 
pressed and outgrown by the more vigorous ones. They stand frost fahiy well. 

9. Acacia eburnoa, Willd. Syn. Mimosa eburnea, Roxb. Vern. Pahari 
hihar, Hind. ; Marmati, Mar. ; Odai vel, hal odai, Tam. 

A large shrub or small tree with rough dark groy bark, sparse greyish 
foliage and straight spines, the larger ones white and up to 2 in. long. Tliough 
nowhere abundant, it is widely distributed in the drier parts of India, extending 
westward iuto Arabia. In the sub-Himalayan tract it occurs in dry river-beds 
along with A. Gatechu. In the Indian Peninsula it is found in open thorn 
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forests on dry stony soil, associated with A. Catechu, A. Latronum, A. leuco- 
pMoea, Prosopis spicigera, and other species, and on the poorest ground with 
Balanites Boxburghii and Capparis aphylla. It is associated with Acacia 
arabica on black cotton soil, but where this gives place to shallow murram or 
calcareous soil with rock or a clay stratum near the surtace it replaces that 
species. 

The yellow nower-heads, which have a somewhat unpleasant odour, 
appear from November to March, and the pocls ripen from April to June. 

10. Australian acacias. Three important Australian acacias, A. decurrens, 
Willcl., A. dealbata, Link, and A. Melanoxylon, R.Br., have been introduced 
into India, chieny in the Nilgiris, hut to some extent also in the Himalaya and 
other hill tracts. In the Nilgiris they have become such a feature in the 
landscape that a brief account of their introduction and propagation in these 
hills will not be out of place. 

A general description of the topography and climate of the Nilgiris will 
be found under Eucalyptus Globulus, the exotic tree par excellence in that 
region. Australian acacias appear to have been introduced nrst in the 
early torties of last century, mainly wibh. bhe object of providing fuel, of 
which there was a great shortage at that time. Although as plantation trees 
they have been outclassed hy Eucalyptus Olobulus, still the acacias — chieny 
A. dealbata and A. Melanoxylon, and to a smaller extent A. decurrens — were 
extensively planted, partly'in mixture with eucalyptus and partly alone. 
The actual area of pure acacia plantations owned by Government in 1912 
amounted to 322 acres ; in addition there are considerable areas of eucalyptus 
and acacias mixed, at elevations varying from 5,000 to 8,300 ft. These acacias 
are also to be found along roadsides, on waste land, in private plantations, 
and in gardens. A. dealbata has spread by root-suckers to such an extent as 
to become in many cases a nuisance. 

The acacias appear to have been propagated from transplants and not by 
direct sowings, and this system has answered well. Spacings of 6 ft. by 6 ft. 
to 9 it. hy 9 ft. have been the geiieral rule in plantations. The Gorernnient 
plantations, whether pure or mixed with eucalyptus, are worked for the pro- 
duction of fuel under the system of simple coppice. The rotation adopted until 
recently was one of ten years, but in 1913 it was raised to fifteen years. Under 
the coppice system, A. Melanoxylon is gradually dying out, and in a few 
unimportant cases it is being maintained, where pure, as high forest. Where 
acacia is mixed with eucalyptus the resulting crop becomes a two-storied 
coppice, owing to the more rapid growth of the eucalyptus. 

The tollowing particulars regarding the thi'ee acacias in auestion may be 
of interest : 

(1) Acacia decurrens, Willd. Green wattle. An evergreen tree ; bark 
olive green when young, dark grey on older trees. Branclilets and foliage 
nearly glahrous and not hoary ; decurrence of leaf-stalks very marked. Flowers 
paler yellow and less plentitul and less strongly scented than in A. deaTbata ; 
pods narrow and constricted between the seeds. Maiden describes six varieties, 
but admits that the gradations from one to another are slight. Var. mollis, 
Lindl., has tomentose foliage, but the pubescence on the branchlets is golden 
yellow ; this variety is regarded in Australia as the best tannin proclucer 



464 XXIII. LEGUMINOSAE 

among the acacias, and Maiden q_uotes yields-of 32 to 36 per cent. of tannic 
acid in bark samples. Analyses of Nilgiri bark samples of the typical variety 
made at the Indian Institute of Science in 1912 gave 24-42 per cent. of tannin. 
■In India it is nowhere plentiful enough to yield regular supplies of bark in 
quautity. 

This species (or variety) is a native of Queensland, New South Waies, 
Victoria, and Tasmania. It is far less plentiful in the Nilgiris than A. dealbata ; 
it has been planted in fair abundance along roads in Coonoor, but is not so 
common at Ootacamund, and is comparatively rare in the plantations. Its 
general habits in the Nilgiris are sornewhat similar to those of A. dealbata 
described below ; it reproduces well by coppice-shoots and root-suckers, but 
not so freely as that species. Its growth is more erect than that of A. dealbata. 

(2) Acacia dealbata, Link. (A. decurrens, Willd., var. dealbata, Voi\M.nellev 
ex Maiden.) Silver wattle. An evergreen tree with grey, sometimes silvery 
bark. Young branchlets angled, hoary, covered with minute pubescence ; 
ibiiage also hoary. Flower-heads in profuse axillary and terminal panicled 
racemes, globose, about 0- 15-0-2 in. in diameter, deep satiron yellow, strongly 
scented. Pods straight or curvod, llattened, 2-3 in. long by 0-25-0-5 in. 
broad, broader and less constricted between the seeds than in A. decurrens ; 
decurrence of leabstalks less marked than in the latter. Maiclen regards A. 
dealbata as merely a variety of A. decurrens. 

In Australia it ordinarily attains a height of '50 it. and a girth of 3-6 i't. ; 
in Tasmania a tree has been recorded about 100 ft. in height and 11 ft. 2 in. 
in girth. In the Mlgiris it seldom attains a height of over 40 ft. or a girth of 
over 4 ft. In Australia the timber is considered of little value, and is used 
chieny for making cheap eask-staves. Tn the Nilgiris it is used as i'uel, for 
which purpose it is considered good. The bark is not so rich in tannin as that 
of A. decurrens. Maiden says that in Australia the best samples of h,ark 
contain about 25 per cent. of tannic acid. Analyses of Nilgiri bark made at 
the Indian Institute of Science in 1912 showed 9-56 per cent. of taimin. 

The tree is a native of New South Wales, Victoria, Queensland, and 
Tasmania. It has been extensively planted in the Mediterranean Riviera and 
elsewhere. In India it has become thoroughly naturalized in the Nilgiri and 
Palni hills, ancl has been planted in the Himalaya. 

In the Nilgiris this tree, together with the blue gnm, is one of the most ■ 
characteristic features of the vegetation from 5,000 ft. upwards. One of its 
most striking peculiarities is its extraordinary power of reproduetion by root- 
suckers, wliich come up in dense masses of thin whippy shoots, ancl spread 
with great facility. Por this reason it is almost unrivallecl as a means of 
elothing unstable hill slopes ; in the neighbourhood of garclens, however, it 
is an intolerable nuisance owing to its powers of spreading and the diniculty 
of eradicating it, which is possible only by deep hoeing and extraction of all 
the roots. Another peculiarity of this tree in the Nilgiris is its straggling 
and sometimes almost recumbent habit of growth, erect trees being quite excep- 
tional. It is very liable to breakage from wind. In the Nilgiris it has proved 
an excellent under-story to the euealyptus in the grass-land type of plantations, 
where a soil-protective undergrowth is desirable : it appears to stand the light 
shade of the eucalyptus well, and reproduces freely by coppice. Pig. 174 
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Fiu. 174. Coppice of Eucalyptim Globulus and Aeacia dealbata, 6 years old, the I&ttcr 
ibrmino- an imderwood to the foi-mo]', Coonoor Peak plantation, Nilgiris. 
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shows a crop of Bucalyptus Globulus coppice witli Acacict dealbata eoppice as 
an under-story, and Pig. 175 shows pure eoppice of acacia, in which numerous 
root-suekers are intermingled. The tree has been found to have a powerful 
nitrogenizing action on the soil, and is thus a good natural fertilizer. In 
lYance it is said not to thrive on soil containing lime ; the soil of the Nilgiris 
is particularly free from lime, and this may possibly favour its extraordmary 
vegetative aetivity on those bills. 

As regards the yield of plantations, Mr. S. Cox * points out that it is 
hardly possible to give accurate hgures for A. dealbata by itself, as it has been 
universally planted with A. Melanoxylon, and although in the plantations 
regularly coppiced for fuel the latter has largely died out there is always 
a small proportion left. Allowing for error caused by the mixture of the two 
species, the general average yield of coppice from ten to fifteen years old in the 
second rotation may be said to be from 2,000 to 3,000 cub. ft. stacked per acre. 

The tree has been commonly planted in the Himalaya, for example at 
Simla and in the Naini Tal and Almora hills, cliieny between 6,000 and 8,000 ft. 
elevation. It surTers considerably from snow-break, but where its value lies 
in its adaptability for afforestation purposes this is not a serious drawback. 
In the abnormal frost of 1905 it suffered to a considerable extent, particularly 
at the higher elevations, but the check to the growth resulted in the production 
of numerous root-suckers. In the Naini Tal hills it stood the abnormal drought 
of 1907 and 1908 well where most other exotic species were badly damaged. 
In the Himalaya the tree Aowers from January to March, and the seed ripens 
in June : in cold situations the fruit iails to ripen. When in Aower the trees, 
laden with yellow blossom, are a striking sight. 

(3) Acaeia Melanoxylon, R.Br. Australian blackwood. 

An evergreen tree, in its natural home ordinarily reaching a height of 60 to 
80 ft. and a girth of 6 ft. Exceptionally it is said to reach a height of 120 ft. 
and a girth of 10 ft. In the Nilgiris it often reaches a height of 80 ft., but 
seldom attains a girth of over 5 ft. On rich soil it grows luxuriantly : thus 
in the Rallia plantation near Coonoor, where it is mixed with JEucalyptus 
Gldbidus, occasional trees reach a height of 110 ft. at an age of forty years, 
though the girth averages less than 3 ft., the trees having been drawn up to 
height by close planting (see Fig. 176). The largest recorded measuremeiits 
in the Nilgiris are those made by Mr. Cowley-Brown in the case of a tree forty- 
nine years old in Bleak House plantation ; these are : (1) height 127 ft., (2) girth 
at breast height 6 ft. 4 in., (3) estimated volume 212-5 cub. it. (timber only). 
This tree has since been killed by Loranthus. Trees fifty-two years old in the 
Miarlimund block on deep moist soil measured up to 100 ft. in height and 5 ft. 
in girth. 

Acacia Melanoxylon is a larger tree, with more erect habit, straighter bole, 
and denser crown, than A. decurrens or A. dealbata. The dense olive-green 
foliage, consisting mainly of phyllodes and not of true leaves, forming a sym- 
metrical tapering crown reaching low down, makes it one of the handsomest 
of the exotic trees in the Nilgiris ; ita general appearance is unlike that of 
a typical acacia. The young branchlets are angled, minutely grey tomentose, 
rarely glabrous. Phyllodes coriaceous, glabrous, lanceolate or oblong, usually 
1 Workmg Plan for tlie MJgiri Plantations, 1913. 
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falcate, variable in size, usually 2-5-4 in. long by 0-3-0-8 in. broad. True bipin- 
nate leaves often present, especially on young trees. Elower-heads 3 to 4 in 
axillary racemes, globose, yellow, about 0-2 in. in diameter. Pods linear, nat, 
often curved in a circle, 2-4 in. long by 0-3-0-4 in. broad. Seed small, with 
a long pale red funicle which encircles it. 

The timber is of very good quality, dark brown, beautifully mottled, and 
is uscd in Australia ior furniture, gunstocks, railway carriages, and other 
purposes. In the Nilgiris there is little demand for it for such uses. Analyses 
of Nilgiri bark at the Indian Institute of Science in 1912 gave 7-04 per cent. 
of tannin. 

The tree is a native of Tasmania, Victoria, and New South Wales, and 
extends into South Australia and Queensland : it grows typically on rich soii. 
It lias been fairly extensively planted in the Nilgiris, where it does well on 
lertile soil, but it is slowly dying out, partly owing to its susceptibility to the 
attaoks oi a Loranthus, which kills oii numbers of trees, and partiy to the fact 
that its coppicing powers are ieeble. It reproduces by root-suckers, but not 
to the same prolitic extent as A. dmlbata. On deep moist fertile soil its growtli 
is iairly rapid, as the iigures quoted above show. Mr. ~D. E. Hutchins found 
in 1883 that trees in the Nilgiris gave about four rings per inch of radius and 
an annual increment of about 5 to 6 tons of wood per acre. 



4. ALBIZZIA, Durazzini. 

This genus contaius fourteen Indian species, ali trees, some of which are 
of importance in Indian silvicuiture. Perhaps the most characteristic featuro 
of the genus, as affecting the distribution of the seed, is the pod, which is thin, 
flat, and dry, developing rapidly after the liowering, but taking some time to 
ripen fully ; in most cases dehisceuce does not take place f ully until after the 
pods fall, and as they fall chiehy in the hot season when dry winds are pre- 
valent, they may be blown to some distance from the tree. In some cases, 
especially in A. Lebbek, the seeds are very liable to destruction by hisects, and 
t.liis prObably explains to a considerable extent the absence of reproductiou 
where such damage is prevaleut. Germination is epigeous. Some species 
produce root-suckers freely, e. g. ^.4. lucida, A. mollis, and A. odomtissima. 
The growth of some is extremely rapid, e. g. A. moluccana (not iudigenous) 
and A. stipulata. The species vary in soil moisture requirements from A. 
procera, which thrives on moist and even swampy ground, to A. amara, which 
grows on poor dry soils in the Indian Peninsula. e 

Species 1. A.Lebbek, Benth. ; 2. A. stipulata, Boivin ; 3. A. procera, Bentli. ; 
4. A. odoratissima-, Benth. ; 5. A. lucida, Benth. ; 6. A. amara, Boivin; 
7. A. mollis, Boivin; 8. A. moluccana, Miq. 

» I. Albizzia Lebbek, Benth. Siris, East Indian walnut. Vern. Siris, 
Hihd. ; Chichola, Mar. ; Sirsul, Kan. ; Dirasanam, Tel. ; Yagai, Tam. ; 
Kokko, Burm. 

A moderate-sized or large deciduous tree ; bark dark grey, rather rough 
with irregular cracks, red or crimson inside. In the open the tree forms 
a short bole, branching low down, with a broad crown,,but in the iorest 
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Fig. 176. Mixcd plantation of Eucalyptus Globulus and Acacia Melanoxylon, 
40 years old, Rallia plantation, Mlgiris. 
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Fio. 177. Albizzia Labbelc in overgreen lorest, Andamans. 
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when drawn up by other trees it produces a long straight hole. Tn the Anda- 
mans it is said to yield sguares up to 50 it. long with 3 ft. siding. 

The sapwood is whitish and large, the heartwood dark brown with lighter 
or darker streaks, ornamental, used lor builcling, furniture, agricultural 
and other implenients, carving, turning. &c. The burrs are particularly 
valuable. 

Distribution and habitat. The tree has been so extensively planted 
in gardens, along roadsides and in other places, from which it has probably 
run wild, that its natural habitat is dimcult to determine. It is believed to 
be wild in the sub-Himalayan tract, Bengal, Chota Nagpur, the Indian 
Peninsula, Burma, and the Andaman and Cocos islands. In the Himalayan 
vaUeys it occurs up to 4,000 ft. or soinetimes more, usualty along the banks 
of streams. Haines has come to the conclusion that it is nowhere wild in the 
southern f orest circle of the Central Provinces, though very commonly planted, 
but the tree often called A. Lebbek is A. odoratissima, Bentli., var. lebbeki^oJ"'" 
Haines. Talbot says it is scattered throughout the Bombay Presidency in dry 
and moist monsoon lorests. It is imdoubtedly wild in some of the Madras 
rorests, and BourdiUon says it is wild in the deciduous forests of Travancore 
at iow elevations. It is a tree of the rnised deciduous tbrests, in both dry and 
moist types, or of moist semi-evergreen or even evergreen forest, usually 
occurring scattered and not gregariously. In the Andamans it is a regular 
forest tree, and occurs not only in the semi-deciduous or padauk-bearing 
forest but also in the evergreen forest : in the forrner it is assoeiated with 
Pterocarpus dalbergioid.es, Lagerstroemia hypoleuca, Terminalia bialata, Bombax 
insigne, Sterculia alata, S. uillosa, Myristica Irya, Artocarpus ChaplasM, and 
other species, while in the evergreen forest its chief companions are Diptero- 
ca/rpus turbinatus and other species of Dipterocarpus, Planchonia amdamanica, 
Artocarpus Ghaplaslia, A. Lakooclia, Myristica Irya, CalophyUum spectabile, 
Mesua /errea, Ilopea odorata, Mimusops Elengi, Baccaurea sapida, and Podo- 
carpus neriifolia. Pig. 177 shows a tree in evergreen forest. 

Mr. E. H. Todd x notes that in the North Andaman its northern limit, 
except for occasional specimens, is the Balmi creek, and that it is particularly 
abundant in Interview and Bennett Islands, in wliich from valuation surveys 
he estimated the stock to be : (1) trees 6 i't. in girth and over, 7,820 ; (2) trees 
4J-6 ft. in girth, 3,275 ; (3) trees 3-4| ft. in girth, 3,275. He also mentious 
that in the North Andaman the tree grows best in the moist semi-evergreen 
torests, and though fairly numerous in the deciduous torests, it is usuahy 
somewhat stunted. 

More recent estimates from enumerations by Mr. Bonig, in which Mr. 
Todd's hgures are incorporated, give the followiug ligures : 2 



Trees over 6 ft. 


Trees under 6 £t. 


in girth. 


in girth. 


10,725 


— 


18,133 


21,824 


1,220 


4,990 



North Andaman felling series 
Middle Andaman felling series 
Southern Andaman felling series . 

In Burma it grows in tropieal forests as weU as in mised deciduous forests. 

1 Draft Working Plan for the Eoiests of the Nbrth Andaman, 1900- 

2 Working Plan Report of the Andamans Porest Division, 1916. 

K 2 
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In the f ormer Brandis l mentions it as one 01 the lofty deciduous trees towering 
above the evergreen trees, other large deciduous trees growing with it being 
Xylia dolabriformis, Albizzia stipulata, Tetrameles nudijiora, Pentace burmanica, 
Sterculia spp., &c. It is found both in the moist upper mixed forests and in 
the dry mixed forests. In the former it is associated with teak, Xylia, Lager- 
stroemia Flos-Reginae, Dipterocarpiis alatus, and many other trees, the chief 
bamboos being Bambusa polymorpha and Geplialostachyum pergracile. In the 
dry mixed forests its chief companions are Pentacme suavis, Shorea obtusa, 
Buchanania latijolia, Dalbergia cultrata, Terminalia tomentosa, Phyllanthus 
Emblica, Dillmia pulcherrima, Gassia Fistula, and others, sometimes with 
teak of comparatively small size ; the ehief bamboo is Dendrocalamus 
strictus. 

In the dry f orests of the Madras Presidency it is f ound chieny along streams 
and in moist places. It is frequently planted in dry regions, and on a variety 
of soils ; i.t grows successfully when planted on black cotton soil. 

Leaf-shedding, HiOWimNa, and fbuiting. In northern India the 
leaves commence falling in October and November, and some trees are almost 
leaness by the end of November. Rome are still in full leaf during December. 
In some cases the leaves continue falling from December to the end of Eebruary 
or even into March. The new leaves appear in April or sometimes as early 
as March. Trees or branches which yield, fruits in plenty become leaness 
earlier and remain leatless longer than those which do not. 

The nowerSj of a somewhat heavy fragrance, appear chietly in April and 
May, sometimes carlier or later, and the masses of yellowish white blossom 
are conspicuous against the new toliage. 

The fruits develop rapidly, and by August some are nearly full-sized. In 
northern India they approach maturity by October, though still green, and 
begin to turn yellow in November, ripening soonest on trees which have lost 
their leaves ; by December or January the pods are all ripe. Earther south 
they ripen sooner. They hang ou the tree as a rule until March, when they 
commence to be blown down, but many continue hanging through April and 
May, some exceptionally remaiuing on the trees as late as October, so that 
from July onwards old yellow pods may be seen hanging along with young 
green ones. Heavy rain from Marcli onwards brings down the pods in 
quantity. 

The ripe pods are straw coloured, 8-12 in. long by 1-2-2 in. broad, flat, 
thin, firm, lineai'-oblong, 6- to 12-seeded, the outlines of the seeds prominent 
on the outside. They rustle in the breeze with a characteristic sound which 
has been described as that of the irying of meat. On leaness trees they are 
often produced in great abundance, the trees having the appearance of being 
covered with dry light yellow foliage. The pods are dehiscent, but dehiscence 
does not as a rule take place until the pods have reached the ground, and 
may be tardy or only partial, the seeds remaining within the pod for a con- 
aiderable time. 

The seeds (Eig. 178, a) are 0'3-0-45 in. by 0-25-0-35 in., obovate or oblong, 
compressed, light brown, smooth, with a hard testa. Their weight varies 
considerably, from 140 to 350 (average 230) weighing 1 oz. Tests carried out 

1 Eeport on the Attaran Porests. " 
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at Dehra Dun showed that the seed retains its vitality well for at least one 
year, though fresh seed has a higher percentage of fertility than seed which 
has been kept for a time ; seed kept for a year germinated more rapidly than 
fresh seed. The seecls are very suhject to the attaeks of insects, particularly 
of a small whitish caterpillar, and many are destroyed both on the tree and 
on the ground. B-ain sometimes causes much of the seed to rot in the pods, 
particularly after they have fallen, and it is therefore advisable to collect the 
seed as soon after it ripens as possible. This can best be done by men ascending 
tlie trees and picking the pods off, or by knocking them off with the aid of 
a long stick ; in the latter case it is advisable to spread sheets under the trees, 
as much of the seed may fall out during the process. The seeds are extracted 
from the pods either by opening the latter or by crushing them in the hands 
and separating the seeds by winnowing. 

Geeminatiok (Fig. 178, b-d). Epigeous. The radicle emerges nrst, and 
the hypocotyl elongates by arching, soon straightening and carrying the 
cotyledons above ground ; as a rule the testa is carried up over the cotyledons, 
talling with their expansion, but sometimes it remains underground. 

The seedling (Fig. 178). 

Boots : primary root long, terete, tapering, wiry, brown : lateral roots 
moderate in number, short, hbrous, distributed down main root : nodules 
present. Hypocotyl distinct irom root, 1-5-2 in. long, terete, tapering upwards, 
minutely pubescent. Coiyledons sessile, 0-6 by 0-4 in,, elliptical ovate, apes 
rounded, base sagittate, flat or slightly plano-convex, neshyj entire, green, 
glabrous. Stem erect, terete, wiry, green, pubescent ; internodes 0-1-0-5 in. 
long. Leaves alternate. Stipules minute, lanceolate. Pirst leaf once pari- 
pinnate, rachis 0-6-1-3 in. long, leanets opposite, five or six pairs, 0-4-0-7 in. by 
0-15-0-17 in., obliquely oblong, subsequent leaves bipinnate, at nrst with one 
pair of pinnae 0-7-1-5 in. long, common rachis 0-5-1 in. long, the number of 
pairs of pinnae increasing subsecprently. 

The development of the seedling varies greatly among individual plants 
even under identical conditions, but there are oertain factors which stimulate 
development, and wliich induce remarkably rapid growth from the com- 
mencement ; the most important factors are absence of weeds, loose soil, 
sumcient soil moisture, and full sunlight. Numerous experimental plots at 
Dehra Dun have demonstrated the marked effect of regular weeding and 
loosening of the soil on the growth of the seedling, and although watering 
has a beneticial effect it is of comparatively little avail unless weeding is 
carried out. 

As regards light recjuireruents, experimental plots of seedhngs grown 
under shade of varying intensity have shown that dense shade greatly retards 
germination, some seed failing to germinate until the second year ; seedlings 
which do appear are capable of standing heavy shade for one season but 
not longer, and development is very slow, a maximum height of only 4 in. 
having been recorded at the end of the season. The seedlings develop 
satisfactorily with moderate side shade, but at Dehra Dun their growth was 
f oimd to be inf erior to that of plants grown in f ull sunlight. The f ollowing 
measurements recorded in various experimental plots at Dehra Dun exhibit 
the marked effects of regular weeding, whether accompanied by irrigation 
or not : 
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Albizzia Lebbek : rate of growth of seedlings in experimental plots. 

Irrigated plots. Unirrigatod plots. 

Weeded. Unweeded. Weeded. Unweeded. 

Height at end of iirst seaaon. 

(1) 1 ft. 2 in.-8 ft. 4 in. Maximum 1 ft. 5 in. 1 Maximum 2 ft. 9 in. 1 (1) Maximum 1 ft. lin. 

(nurseryplants ; seed (2) „ 0ft. 7 in. 

sown 3?eb. and early (3) „ ft. 8 in. 

start obtained) (4) „ ft. 10 in. 

(2) Maxiinum 2 ft. in. 1 

Height at end of 2nd season. 

(1) Maximum 14 ft. 4 in. Maximum 4 ft. 5 in. 1 Maximum 6 ft. 11 in. 1 (1) Maximum 2 ft. !) iu. 1 

(2) „ 6 ft. 8 in. 1 (2) „ 1 ft. 9 in. 

(3) „ 2ft. 9iu. 

(4) .., 2 ft. 10 in. 
Height at end of 3rd season. 

(1) Abandoned Maximum 11 ft. in. Maximum 14 ft. 9 in. (1) Masimum 4 ft. lOin. 

(2) Maximum 13 ft. Oin. (dominant plants (2) „ 4ft. 8in. 

(dominant planta vigorous) 

vigorous) 

1 Growth of seedlings rotarded by attaoks of Oxyrliaclds tarandiis, I^abr., a heiniptorous inseot 
of thofamily Membracidae whioh infosts seedlings and saplings of this andotber species of Albizzia 
as well as certain othei- leguminous specios (to some extent Acacia Gateclm), doing muoh damage 
by sucking the young shoots and causing them to witber ; the Ieading shoots aro of ten destroyed iu 
this way and the growth of the plants is seriously interfored with. 

All tlie plots noted in the above statement were in full sunlight : the 
unirrigated unweeded plots may be taken to represent the development under 
natural conditions. Nursery-raised plants, regularly weeded and watered, 
show rapid growth from the commencement, and may attain a height of 
nearly i ft. in four months from germination. A long stout taproot is pro- 
duced at an early stage ; this may reach a length of 2 ft. in three to four 
months. The lateral rootlets are often eovered with rather large nodules. Li 
northern India the leaves of seedlings fall Irorn about December to March, 
and growth ceases during the cold season ; new growth commences about 
February. 

The seedlings are not very frost-tender, though the leaves are apt to 
shrivel up in frosty localities before faliing, and the leading shoots are some- 
times killed haek where frost is severe. Young plants are somewhat sensitive 
to drought, especially in the first season. Li early rain stimulates germination 
and prolonged dry weather ensues, the young seedlings are killed oll in quantity. . 
Under naturtJ conditions light weed-growth and grass, though it impedes 
development, acts as a protective against drought. The suddeu removal of 
weeds from over young seedlings is f atal ; weeding requires to be carried out 
from the commencement. Seedhngs do not stand suppression well, and where 
they are at all crowded the more vigorous individuals quickly suppress the 
more weakly ones. 

Silvioultubal CHARA-CTieRS. Yomig plants are capable of standing 
a moderate amount of shade, though their growth is interfered with if the 
shade is at all heavy. For its best development the tree requires full over- 
head light. It is not exacting as to soil, and will grow fairly well even on 
laterite or black cotton soil. The root-system is largely superrlcial, and though 
as a rule the tree does not produce root-suckers regularly, it may do so if the 
roots are exposed. Mr. G. M. . Ryan writes : x ' Albizzia Lebbek is not a tree 

1 Ind. Forester, xxx (1904), p. 454. 
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which has been noticed to throw up root-suckers habitually, but a very interest- 
ing instance of such reproduction occurring on the exposure of the root-systern 
came to my knowledge recently in the Wada Range (Thana district, Bombay), 
where 21 Albizzia Lebbelc suckers were observed in some excavated pits arising 
from roots which were embedded to the depth of i| ft. in the soil. A close 
examination proved that these suckers arose from a network of subterranean 
roots which spread out from an Albizzia Lebbek 100 ft. away.' Its shallow root- 
system renders it liable to be thi'own by wind. The tree is browsed by camels 
and lopped for camel fodder. It is sometimes badly attacked by Loranilim. 

Nattjbal keprodtjction. Under natural. conditions germination ordinarily 
commences early in the rainy season and may continue until late in the rains. 
If the seeds are exposed to full sunlight germination is usually prompt and 
complete, but under shade it is delayed, and seed may lie ungerminated untd 
the foIlowing year. In full sunlight, however, there may be high mortality 
if dry weather occurs after rain during or shortly aiter gernhnation, and the 
survival of the seedlings is surer in a moderate growth of grass and weeds 
than if they are fully exposed to the sun, though their development is impeded. 
The ideal conditions for natural reproduction appear to be loose fairly moist 
soil, free from weeds, under light shade preierably from the side, the shade 
being removed when the seedlings have established themselves. 

The spbradic nature and uncertainty of natural reproduction in most 
localities is noticeable. Seedlings in various stages are occasionally met with, 
but considering the large cmantities of pods produced natural reproduction 
is decidedly scanty. It is probable that insect attacks account f or this to a large 
extent, and an experiment carried out at Dehra Dun appears to support this 
view. Pods which were knocked off the trees by heavy rain in March were 
placed on a plot of grouncl which had been previously dug up, germination 
being thus favoured. The pods, which were left uncovered as under natural 
conditions, gradually dehisced and the seed began to fall out in May, but by 
July every seed had beeome badly attacked by insects, and uot a single one 
germinated, although the plot was kept under observation until the end of 
the year. Drought is no doubt also a fruitful cause of failure, in diy localities 
and on stiff or shallow soils, particularly during germination and in the early 
seeclling stages. Heavy shade, in retarding germination and thus prolonging 
the period during which the seed is exposed to insect attacks, is another 
adverse factor. 

Aktipicial bbpeoduction. Albizzia Lebbek can be grown by direct 
sowings and by transplanting from the nursery, but experiments at Dehra 
Dun showed the former to be the more successful, as transplanting checks the 
growth to some extent. It was found that transplanting could be carried out 
successfully either by pruning the root and stem or by leaving them intact ; 
in the latter case it is advisable to use smaU plants during the first rainy season, 
owing to the length of taproot; If pruning is carried out the stem should be 
cut down to about 2 in. from ground-level and the taproot pruned to a length 
of about 9 in. The seed may be sown in the nursery in March-April in drills 
not less than 9 in. apart, the beds being watered regularly but moderately and 
kept well weedecl ; the young plants will be ready to transplant early in the 
rainy season. 
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For direct sowings the Dehra Dun experiments showed that line sowings 
on well-loosened soil, the lines heing kept weeded from the commencement, 
gave the hest results. Irrigation stiniulates the growth, the seed being sown 
along the base 01 the ridge of loose earth tlrrown up alongside an irrigation 
channel 1|- ft. by l£ ft. in section. In line sowings the seedlings require to be 
thinned out regularly. 

Mr. L. S. Osmaston x has described sonie esperiments carried out in 1905 
ancl 1906, in raising Albizzia LebbeJc artincially on shallow soil orerlying trap 
in the Nasik district of Bombay, where the rainfall is about 24 in. The experi- 
ments and their results were brieny as lollows : 

1. Broadeasting without previous preparation of the soil. Seedlings of 
1905 clied ; those which failed to germinate in 1905 germinated in 1906, but 
the results in the latter case have not been recorded- 

2. DibbKng : results similar. 

3. Sowing ou circular mounds : 

(a) Large mounds 2\ ft. high, 2 ft. diameter at top, and 7 ft. at base ; 
percentage of successful mounds, 100. 

(b) Medium mounds 1 ft. to \\ ft. high, 2 ft. at top and 4 ft. at base ; 
percentage of successful rnounds, 89-4. 

(c) Small mounds 9 in. high, 3 ft. diameter at base ; percentage of suecess- 
ful mounds, 100. 

4. Sowings in pits : 

(a) All soil returned to pit ; percentage of successful pits, 37. 
(b) Pits half nlled with soil ; pereentage of successful pits, 68. 
(c) No soil returned to pit ; percentage of successful pits, 43. 

5. Planting one-year-old transplants ; only 300 survived out bf 7,000, or 
4-3 per cent. 

Mr. Osmaston f urther describes the conduct of line sowings in conjmiction 
with the raising of field crops in the same locality : a this system, which is 
explained under Acacia arabica (p. 437), proved ouite successful, the plants in 
3-J- years reachiug a maximum height and girth of 18 ft. and 1 ft, 5| in. re- 
spectively. The Berar systeni, described under Acacia arabica (p. 435), should 
also prove suitable for the raising of Albizzia LebbeJc. 

Mound sowings have proved successlul in the Bellary district, Madras. 
Tlie tree grows readily from cuttings. 

Silvicultural treatmest. As the tree occurs soattered iu mixed torests 
it is in actual practice treated along with other species, usually either as coppice- 
with-standards or under selection fellings. In the Andaman torests it is 
regarded as one of the more valuable species ; under the existing working 
plan these torests are workcd by selection tellings, the minimum girth limit 
for the feUing of sound Albizzia Lebbelc being fixed at 6 ft. 

As a general rule natural reproduction is so scanty that the only means 
of ensuring a plentitul and regular supply of this timber would appear to be 
by artincial cultivation. 

Bate of growth. The growth is fast. The rapid development of young 
plants under favourabIe conditions has already been aliuded to under ' the 
1 Ind. Porester, xxxiii(l907), p. 177. 2 Ibid., p. 26S. 







JTic*. 179. Albizzia $ti'pulata, Unitecl Provinces. 
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seedling '. Brandissays that trees in tlie Punjab reach a girth of 2 ft. 9 in. 
in twelve years and 4 ft. 6 in. in thirty years, and that trees seventeen years old 
at Sukkur in Sind reached a girth of o to 6 ft. These hgures probably refer 
to trees grown in more or less open positions ; in the iorest the growth in 
girth would probably be slower. 

2. Albizzia stipulata, Boivin. Vern. OU, Pb. ; Siran, Hind. : Chahua, 
Beng. ; Sau, Ass. ; Kalbage, Kan. ; Laeli. Mar. ; Konda .chigara, Tel. ; Pili 
vagai, Tam. ; Bonmem, Burm. (Pig. 179.) 

A large deciduous tree with feathery foliage and large stipules. The 
crown is often spreading and hat-topped. Bark dark grey, iairly smooih, 
with occasional prominent horiaontal wrinldes and rurrows and numerous 
small vertical wrinkles. Sapwood large, white ; heartwood brown, soft, not 
very durable, used for building, furniture, domestic utensils, &c. It is used 
as a shade tree in tea plantations in Assam and the Bengal Duars. 

Distribution and habitat. Throughout the sub-Himalayan tract and 
Himalayan valleys up to 4,000 ft., Bengal, Assam, Chota Nagpur, the moister 
parts of the Indian Peninsula, Andamans. Mcobars, Burma, Ceylon, and the 
Malay Peninsula. 

The tree occurs chietly in moist locahties. It is eommon in tho Kangra 
valley. In the sub-Himalayan tract and outer valleys it often occurs in swampy 
ground and moist low-lying savannahs. In the Peninsula it is found only in 
the moister regions, both on the west coast and in southern India. Bourdillon 
says it is very common in the lower open and deciduous forests of Travancore, 
ascending the hills to 3,000 ft. It occurs in tlie evergreen shohs of North 
Coimbatore (C. E. C. Pischer). Mr. P. H. Todd mentions it as one of the 
species in the semi-evergreen and deciduous forests of the North Andaman. 1 
In Burma it is common in the tropical forests, in mixed forests both of moist 
and of dry types, and extends into the liill forests. Knrz 2 mentions it as one 
of the lofty deciduous trees towering above the stratum of evergreen trees in 
closed tropical forests. He also gives it as one of the trees of the pine (Pinus 
K/iasya) torests of the hills, with Daphnidium, Aperula, Helicia, Engelliurdtia , 
Dittenia aurea, Ternstroemia japonica, &c, and of the lower drier liill forests, 
of a rather stunted type, occupying exrJosed ridges at 3,000 to 4,000 ft. and 
upwards, associated with Temstroemia japonica, Schinia Norontoe, Turjpinia 
nepalensis, Bucklandia popidnea, Dillenia aurea, Symplocos; laurels, &c. 

In its natural habitat the absolute masimum shade temperature varies 
irom 95° to 110° ¥., the absolute minimum from 30° to 65° F., and the normal 
rainfall from 45 to 200 in. or more. 

Leaf-shedding, :plow:ering, and pruiting. Kurz 3 and Haines 4 say 
tlie tree is evergreen. In northern lndia it is deciduous, the leaves commencing 
to fall about January, shiiveUing up and falling by single leahets or by whole 
pinnae. The trees are usnally leatless in Pebruary-March, the new leaves 
appearing in March or early April. 

The masses of fragrant feathery yellowish white howers appear from 
April to June amongst the rich green of the new foliage, and the tree is then 

1 Draft WorMng Plan for the Forests of ttie Nortli Andamau, 1906. 

8 Prelirmnary Forest Report of Pegu, 1875. 3 For. Mora Br. Burma. 

4 For. Plora Chota Nagpur. 
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particularly handsome. The pods whilc developing are pale reddish green : 
they comrnence ripening about November-December, and continue hanging 
in cmantity through the leaAess season, when they resemble small siris pods 
on the trees. They commence falling in quantity about March, and continue 
lalling during the hot weather months, being blown to some distance from the 
trees by the dry winds : a few old empty pods may sometimes be f ound on 
the trees as late as September. 

The pods (Fig. 181, a) are 3-5-6 in. long by 0-5-0-8 in. broad, nat, glabrous, 
light brown, often wrinkled over the seeds, 8- to 12-seeded. The majority of 
the pods dehisce after falling to the grouud, the seed thus being distributed 
by the wind ; only those which remain late on the tree dehisce before falling. 
The seeds (Eig. 181, b) are 0-15-0-3 in. long, flat, ovate or elliptical, greenish 
browu, smooth ; about 900 weigh 1 oz. Tests at Dehra Dun have shown that 
the seecl retains its vitality to some extent for at least a year, though the 
percentage of fertility of seed so kept is less than that of fresh seed. 

Germikation (Eig. 181, c-e). Epigeous. After the emergence of the 
radicle the hypocotyl arches slightly, soon straightening and raising the 
cotyledons above ground. The testa is usuallycarried up over the cotyledons, 
falling with their expausion. 

THE SISEDWNG (Eig. 18.1). 

Itoots : primary root moderately long and thick, terete, tapering, wiry, 
white turning brown : lateral roots numerous, moderately long, nbrous, dis- 
tributed down main root : nodules present. Hypocotyl distinct from root, 
0-6-1-5 in. loug, cylindrical or tapering upwards, espanded in a ring at the 
base, green or pinkish when young, minutely pubescent. Cotyledons sessile or 
very shortly petiolate, 0-3-0-4 in. by 0-15-0-2 in., elliptical or ovate, plano- 
convex, or slightly concave beneath, thin, somewhat tieshy, apex rounded, 
base sagittate, entire, glabrous. Stem erect, slightly zigzag at the nodes, 
green, minutely pubescent ; internodes 0-2-0-5 in. long. Leaves, fh'st two 
sub-opposite or alternate, subsequent leaves alternate. Stipules 0-1-0-15 in. 
by 0-1 in. or less, falcate acuminate, caducous. Eirst leaf usually once pinnate, 
sometimes bipmnate ; if once pinuate rachis 0-4-0-6 in. long, with about 
five pairs of leaAets 0-1-0-2 in. by less than 0-1 hi., obliquely oblong or talcate, 
acute, entire, pubescent, glaucous beneath, midiib close to and parallel to 
one edge ; subsequent leaves bipinnate, nrst few with one pah, then a few 
with two pairs, then three pairs of pinnae, leafiets 4-20 pahs, up to 0-4 by 
0-15 iu., rachis with a gland on the upper side. 

During the hrst season the seedling does not show that rapid growth 
which is such a marked feature later on. Seedlings raised under natural 
conditions on unweeded and unwatered ground at Dehra Dun showed the 
followmg growth m the hrst two seasons : 

Under moderate aliade. In f ull sunlight. 

Heiglit at end of lst sca.son . . . CliieAy 5-7 in. ChieAy 5-8 in. 

Height at end of 2ncl season . . . Maximum 4 ft. 1 ft. 3 in.-4 ft. 9 in. 

The seedlings stancl moderate shade, but are killed by dense shade. They 
are capable of struggling well through a moderate growth of weeds and grass, 
though their development is stimulated by-regular weeding as well as watering : 
seedlings regularly weeded and watered reached a height of 3 ft. by the encl 
of the first season. Weeding, however, has to be carried out from the com- 
mencement, since if weeds are suddenly removed from over young seedlings 
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Fig. 181. Albizziauiipulata. Seedlingx-|. 
o, fruit ; 6, seed ; c-e, germination stages ; /-j, deTelopment of seBdling cUiring first season. 
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tkey are apt to die of drought. The seedlings are very sensitive to drought ; 
they are also somewhat sensitive to frost, though they have good power of 
recovery if killed back. 

Silvicultural characters. Little is known of the silvicultural characters 
of this tree. It may be classed as a moderate light-demander ; that it is able 
to stand some shade is evident from the fact that it sometimes grows up in 
teak plantations in Burma and makes its way through the teak. 

Natural risproduction". Gercnination starts early in the rainy season, 
and in warni sumiy places is completed early. Under shade germination may 
continue throughout the rains and on till Oetober or November, while some 
of the seed may Iie dormant through the ensuing dry season, and may germ- 
inate in the second rainy season. The most favourable conditions for natural 
reproduction appear to be loose soil, in which the seed becomes covered during 
the early showers, and a fair degree of moisture. A moderate growth of grass 
and weeds is not hariniul, though it may hinder the deveiopment of the seed- 
lings to some extent ; in dry localities it is even useful in protecting them 
from drought. 

Aetijticial reproductiok. Experiments at Dehra Dun have shown 
that direct sowing is more successful than transplanting, and regular weeding 
from the commencement stimulates growth ; in this respect iine sowings give 
the best promise of success. 

Transplanting can be carried out witbout niuch dimculty in the rains. 
The seed should be sown in the nursery about March or April in drills 9 in. 
apart, the beds being well watered and weeded through the dry season. The 
seedlings should be planted out during the rainy season ; tbey can be trans- 
planted successlully after pruning down the stem to near ground-level and 
cutting the root down to a length of about 9 in. If unprmied plants are 
used they should be small, otherwise the taproot gives trouble. 

Rate of growth. The gTOWth is veiy rapid. In teak plantations in 
Burma the tree grows quickly through the fast growing teak and has to be 
cut out periodically in thinnings. Two cross-sections in tbe silvicultural 
museum at Dehra Dun, from trees in the United Provinces, showed the follow- 
ing rates of growth : 

(1) Age 28 years : girth 4 ft. 11 in. : mean annual girth increment 2-1 in. 

(2) Age 43 years : girtli 1 ft. 6 in. : mean anuual girth. incremeub 1-25 in. 

Gamble's speeimens gave three to four rings per inch of radius, or a mean 
annual girth iucrement of 1-57 to 2-1 in. He also quotes the following measure- 
ments : J ' Roxburgh says that a tree he planted in the Botanic Garden at 
Caicutta measured 48-5 in. in girth at 4 ft. above gi'Ound when 7 years old; 
this would give a rate of gi'owth of slightly less than 1 ring per inch of radius. 
Stewart,in " Punjab Plants ", p. 56, saysthat a tree in the Saharanpur Gardens 
was 7 ft. in girth at about 17 years of age, which gives rather over 1 ring 
per inch of radius. . . . A round in the Bengal Forest Museum irom a young 
tree shows 11 rings on a mean radius of 6 in., or 1-8 rings per inch of radius.' 

3. Albizzia procera, Benth. Syn. Mimosa elata-, Roxb. White siris. 
Vern. Safed siris, gurar, Hind. ; Koroi, Beng., Ass. ; Bellati, Kan. ; Kinhai, 
Mar. ; Konda mgai, Tam. ; Chigara, Tel. ; Sit, Burm. 

1 Man. Ind. Timb. (1902), p. 307. 
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Fig. 1S2. Alhizzia pruccm — Seedung x 'i 
a— Seed b - e— Germination stages f - b- Development of seedling during iirst season 
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A large tree with a long clean bole, often branching at a considerable 
height and iorming a somewhat light crown. Bark smooth, light yellowish or 
greenish grey, exfoliating in thin Aakes, red inside. The sapwood is Iarge, 
whitish, the heartwood brown with streaks of darker or lighter colour, used 
for house-posts, agricultural implements, &c. 

DiSTBrBTJTion- and habitat. Throughout the sub-Himalayan tract, 
common irom the Jumna eastwards, Assam, Bengal, Chota ISTagpur, the Indian 
Peninsula, Burma, and the Andamans. The tree is found rnost commonly on 
alluvial ground along streams and in moist, even swampy places ; it is par- 
ticularly common in low-lying moist savannahs, as in the Duars of Beugal 
and Assam, in Burma and elsewhere ; in such places it is often gregarious, 
the clean light-coloured boles being very conspicuous (see Fig. 180). It is in 
many localities also a common species in mixed forests, geuerally on moist 
alluvial ground. In the Dehra Dun valley it is one of the constituents of the 
swamp forests, along with Treima nudiflora, Ficus glomerata, Pterospermum 
acerifolium, Cedrela Toona, and other swamp species. 

In its natural habitat the absolute maximum shade temperature varies 
from 98° to 115° E., the absolute minimum from 30° to 65° F., and the normal 
rainfall from 40 to 200 in. 

Leae-shedding, plowerinci, and EBUiTi^G. The tree beeomes almost 
leahess for a short time during the hot season, from April to June, according 
to locality : Haines *■ says there may be a second flush of new leaves in August 
growing through the nowering panicles. The Iarge panicles of yellowish white 
nowers appear from June to Septeniber. The pods soon eommence forming, 
and in the cold season, especially from October to January, they have a rich 
red colour, the trees at this time being particulariy handsome with the masses 
of red pods against the green foliage. The pods ripen from Pebruary to May, 
and are then dark reddish brown, 4-8 in. long by 0-5-0-9 in. broad, thin, 
strap-shaped, 6- to 12-seeded, dehiscent. The seeds (Fig. 182, a) are 0-2-0-3 in. 
by 0-15-0-25 in., flat, elliptical to nearly orbicular, hard, smooth, greenish 
brown, with a leathery testa ; about 500-850 weigh 1 oz. 

The pods fall from the trees for the most part during the hot season, 
dehiscing before or about the time of iallmg. The seed germinates readily, 
and is less subject to insect attacks than that of A. Lehbek. It retains its 
vitality for at least a year ; two tests of seed one year old at Dehra Dun 
showed 23 and 80 per cent. of fertility respectively. 

Gebmijtation (Fig. 182, b~e). Epigeous. After the emergence of the 
radicle the hypocotyl arches slightly, caiTying the cotyledons above ground ; 
the testa is either left on or in the ground, or, less commonly, earried up over 
the cotyledons, falling with their expansion, 

The seedling (Fig. 182). 

Roots : primary root long, at nrst thin, beeoming fairly thick in vigorous 
plants, terebe, tapering, wiry, whitish at first, becoming yellow or light brown : 
lateral roots few, somewhat short, nbrous, distributed down main root : 
nodules present. Hypocotyl distinct from root, 1-2-2 in. long, eylindrioal, 
green or pinkish. Cotyledons sessile or sub-sessile, 0-35-0-4 in. by 0-2 in, ( 
elliptical, flat, somewhat neshy, base sagittate, entire, green, glabrous. Stem 
ereet, terete, wiry ; internodes 0-2-1-5 in. long. Leaves alternate, compound. 

1 For. Plora, Chota Nagpur. 
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Stipules niinute, linear. Pirst Ieaf compound, paripinnate, witb rachis 0-6-1 in. 
long, terminating in a bristle, leanets normally three pairs, opposite, shortly 
petioled, 04-0-6 in. by 0-15-0-25 in., obliquely ovate or obovate oblong, acute 
or obtuse, glabrous. \Subsequent leaves bipinnate, leaves of the nrst seasou 
with one pair of pinuae, the number of pairs increasing later ; conrmon raehis 
and pinnae each 0-5-2 in. long ; leanets at nrst two or three pairs on each 
pinna, the number increasing to about ten pairs during the nrst season, opposite 
or sub-opposite, up to 1 in. by 0-3 in. 

Under natural conditious the seedling usually attains a height of 4-8 in. 
by the end of the first season, but if regularly weeded and watered it grows 
rapidly, nursery-raised seedlings at Dehra Dun having attained a height of 
1 jft. to 1 ft. 8 in. in three months from germination. The seedling is capable 
of struggling during the nrst season through low weeds and grass, its growth 
being slow during the process but increasing considerably after the weeds 
have been surmounted. The sudden removal of weeds from around seedliugs 
previously unweeded, however, is liable to oause their death through sudden 
exposure to the sun. Vigorous seedlings produce long stout taproots which 
may reach a length of nearly 2 ft. in three months from germination : the 
lateral rootlets are usually covered with nodules. 

The following measurements of seedlings in various plots at Dehra Dun 
will give some idea of the rate of growth under diSerent conditions ; 

Albizzia prooem : development of seedlings. 

Conditions under Height at end of season. 

whicli gtown. i a t season. 2nd season. 3rd season. 4th seasou. 

Nursery-iaiscd tons- (1) Maximum ft. B in. (1) 1 ft. 2 in.-3 ft. 4 in. (1) 1 ft. 9 in.-7 ft, 5 in, 

plants, eirtire stem (2) „ 1 ft. 4 in. (2) Majrimum 3 ft. 1 in. 
and roots 

Nursery-raised tens- Maximum 1 ft. in, Maximum 4 ft. 2 in. 2 ft. 10 in.-8 ft, 5 in. 

ulants, pruned stem 
and loots 

Naturai oonditions, (1) Ma,ximum 0ft. 6 iu. (1) Maximum 2 ft. I. in. 

Linweedcd, in hill (2) 4 in.-lj in. (2) 1 ft. 6in.-2 ft. 5in. (2) 2 ft. i in.-8 ft. 2 in, (2) Maximmn 

sunlight 11 ft. in. 

Nutural conditions, (1) Masimum ffc. 6 in. (1) 6-J- in.-l ft. 10 in. 

unweeded, in mode- (2) ,, ft. 7.] iii. (2) !) in.-l ft. 8 in. 

rate side shade 

The growth would in most cases have been greater except for the damage 
caused by the hemipterous insect Oxyr]mcMs tamndus, Fabr., which causes 
much imjury to this species, as in the case of Albizzia Lebbeh. The seedlings 
are somewhat irost-tander, and are liable to be killed back in irosty loealities. 
Growth ce&ses about November, and recommences about February-March. 
The leaves drop fro.m Deeember to ITebruary and the seedling is leadess for 
a short time. 

Silvicultural chaeacters. Although it stands moderate but not heavy 
shade in youth the tree may be classed as a light-demander, as it cannot 
stand suppression. In the abnormal drought of 1907 and 1908 in Oudh it 
proved fairly drought resistant, though in the moist localities in whicb it 
grows it was probably not ag severely tested as species growing in drier tracts. 
In the great frost of 1905 in northern India it suffered severely. The tree is 
much subject to cankerous wounds, as a rule where branches have been broken 
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off. Mr. G. M. Ryan, 1 writing of eonditions in Bombay, says the tree throws 
up root-suckers when the aerial portion of the stem has been mutilated or 
when an advanced age has been reached. 

Nattjhal reprodtjction. The natural reproduction of this tree is far 
inore satisfactoiy than that of A. Lebbek. Germination takes place readily 
providcd there is sufficient rnoisture, and in the forest seedhngs m&y be found 
in quantity in the neighbourhood of seed-bearers during the rainy season. 
from seed which germinated eariy in the rains. Although the seed germinates 
more readily tb.aivtb.at of A. Lebbek, in densely shaded localities the seedlings- 
quickly die off, while in such places some of the seed may lie ungerminated 
until tbe second rains, The factors most favourable to natural reproduction 
are plentiful moisture and bare loose soil where the seed becomes buried with 
the early showers. Thus on new soft alluvial ground near rivers seedlings in 
all stages may often be found in abundance. Natural seedlings may also be 
found in some quantity in moist grassy tracts. 

Artijtcial reprodtjction. Experiments carried out at Dehra Dun have 
shown that transplanting can be carried out suecessf ully in tbe rainy season.. 
preferably during wet weather, with stem and root either pruned or left intact, 
but in the latter case transplanting is troublesome unless small plants of the 
hrst season are used. The seeds should be sown in nursery beds about Marcb 
to May in drills about 9 in. apart, the seeds being plaeed a few inches apart 
in the drills and ligbtly covered. 

Direct sowing has proved more successtul than transplanting, provided 
regularweedJngandlooseningof the soil is carried out; Tme aowings have giren 
greater success than any other f orm of sowing owing to the facility with whicb 
weeding cau be carried out. This is a suitable species for growiug in irrigated 
plantations or in line sowings in conjunctlon with the raising of tield crops. 

The tree grows readily from cuttings. 

iSlLYTCTJLTtJEAL treatmewt. The tree is a useful one for afforesting 
low-lying savannahs and moist alluvial tracts. Although natural reproduction 
is oiten good near seed-bearers artiiicial reproduction would bave to be relied 
on for complete stoeking. 

Rate Off gbowth. The rate of growth is rapid. A cross-section in the 
silvicultural museum at Dehra Dun showed 26 rings for a girth, including 
bark, of 3 ft., giving a mean annual girth increment of 1-38 in. Brandis says- 
that in northern India it attains a girth of 3-4 ft. in twelve years and 4-G ft. 
in thirty years, giving a mean annual girth increment of 1-6 to 4 in. Gamble's 
specimens gave 6 rings per inch of radius, representing a mean annual girth 
increment of about 1 in. 

4. Albizzia odoratissima, Benth. >Syn. Mimosa odomtissima,, B,oxb. Blaek 
siris. Vem. Karmaru, Pb. ; Kalisiris, bansa (0. P.), Hind. ; Bilkumbi, bilwara, 
Kan. ; Karu, vagai, Tam. ; TMtmagyi, Burm. 

A large tree with graceiul drooping dark green toliage. Bark grey to 
yellowish grey, dark crimson iuside. The dark browu heartwood is used for 
building, carts, wheels, turniture, &c. Haines 2 recognizes a variety A. lebbeki- 
Jolia in the Central Provinces, with foliage very hke A. Lebbelc but distinguish- 
able by the ahort peduncles, sessile Aowers, and colour of the iwds. 

1 Ind. ITorestor, xxx (1904), p. 434. s Ibid., xl (1914), p. 227. 
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Distbibution and habitat. Sub-Himalayan tract and slopes and valleys 
of the Himalaya up to 5,000 ft. ; Bengal, Chota Nagpur, the Iiidian Peninsula, 
and Burma ; also inthe low country of Ceylon, The tree is widely distributed, 
being a conimon constituent of many types of mixed deciduous forest, where 
it grows sporadically. It is frecjuently foimd on hill slopes, and sometimes in 
valleys. In northern India it is cominon in the outer Himalaya and in the 
Siwalik hills : it extends throughout the greater part of the Indian Peninsula in 
dry as well as in moist deciduous f orests. In Ajmer-Merwara it is one of the most 
important species, growing in dry f orests on hill slopes with A:noqeissus pendula, 
Acacia Catechu, Boswellia, serrata, and other trees. In Burma it is common 
in the upper mixed iorests with teak and its associates, extending into the 
drier types where the teak is associated with Pentacme suavis, Shorea obtusa, 
Dalbergia cultrata, Phyllanthus Emblica, &c. In Bombay it is coinmon in the 
moist monsoon forests of North Kanara and the Konkan and also in the dry 
Deccan, ascending to 3,700 ft. in the Khandesh Akrani (Talbot). Bourdillon 
says it is common on grass-lands and in open forest throughout Travancore 
up to 3,000 it. 

In its natiuul habitat the absolute maximum shade teinperature varies 
from 100° to 120° F., the absolute minimum from 30° to 60° ]?., and the normal 
rainfall from 25 to 120 in. 

Leae-shedding, elowering, and ]?ruiting. The leaves commence falling 
about December (northern India), and the new leaves appear in March-April. 
The tree sometimes becomes quite learless for some little tirne, but more 
commonly the new leaves appear before the old ones have all fallen. The 
pale yellowish wliite 1'ragrant tlower-heads in large terminal panicles appear 
from April to June, and by October the pods are fnll-sized but still greeu : 
they eommence ripening in December (northern India), or earlier farther 
south, falling during the hot season and dehiscmg as a ride after talling, though 
some may hang for a long time on the tree, dehiscing before falling. When 
ripe the pods are 5-12 in. long by 1—1-3 in. broad, reddish brown or purplish 
green with darker markings over the seeds, flat and fl.exible, eight- to twelve- 
seeded. 

Silvicultural gharaoters. The tree stands a certain imioirat of shade 
in youth, but may be classed as a moderate light-demander. \.t is not exacting 
as regards soil, though on poor soil it is somewhat stunted. J ts roots are largely 
superncial, and numerous root-suckers are produced. The yomig plants are 
susceptible to frost, and plantations formed in Ajmer-Merwara are reported 
to have failed for this reason. The tree coppices well, and in Ajmer-Merwara 
the shoots are said to reach a height of 10 ft. in two years, but are liable to be 
killed by frost : natural seedlings are reported to be plentilul in sheltered 
places where the soil is good. 1 

B-ate op growth. The only measurements available are those recorded 
by Mr. Gamble from wood specimens examined by him, the average of which 
showed 4 rings per inch of radius or a mean annual girth increment of 1-57 in. 

o. Albizzia lucida, Benth. Burmese siris. Vern. Tlmntlmi, Burm. 

A large tree with thin greyish bark and a full crown of handsome dark 
green foliage, the leatlets fewer and larger than in other species of this genus. 
1 Working Plan for the State Poresta of Ajmer-Merwara. 1896. 
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Distbibution and habitat. The sub-Himalayan traet irom Nepal east- 
wards, eastern Himalayan valleys up to 2,000 ft, Assam, Chittagong, and 
Burma. The tree is oiten planted along avennea and in gardens outside its 
natural region, and grows well in Dehra Dun and other stations of northern 
India. It is found wild as a rule along the banks of streams and in moist 
places. In Burma it oecurs in tropical iorests where many of the species are 
evergreen, in lower mhced forests of the alluvial plains, ancl also in upper 
mixed deciduous forests. 

In its natural habitat the absolute maximum shade temperature varies 
from 98° to 108° F., the absolute minimum from 35° to 55° F., and the normal 
rainfall from 45 to 200 in. or more. 

Leaf-shedding, elowering, and ^ruiting. The tree is leaAess or nearly 
so for a short time in the early part of the hot season, about March ; the 
leaves usually turn yellow before falling. The yellowish white flowers appear 
in April-May. The pods become full-sized about October-November, but are 
then unripe and green or reddish green ; they ripen from February to April 
(observed ripening February in Bengal Duars, April in Dehra Dun). When 
ripe (Fig. 183, a) they are 4-8 in. long by 0-7-1 in. broad, light brown, flat, 
the seeds prominent. Most of the pods fall during the hot season, and dehisce 
as a rule after falling : they are carried by wind, with the seeds enclosed, to 
some distance from the tree. Some dehisce on the tree and a few of the open 
pod-valves may remain hanging as late as the following November. The 
seeds (Fig. 183, b) are 0-3-0-4 in. long, broadly elliptical or orbicular, light 
brown, flat, smooth, with a leathery testa : about 550-600 weigh 1 oz. The 
seeds germinate readily, but so far as tests atDehra Dun go they appear to 
lose their vitality more cmickly than those of other species of Albizzia. 

Germination (Fig. 183, c-g). Epigeous. After the emergence of the 
radicle the hypocotyl arckes, soon straightening and carryiug the cotyledons 
above ground : as a rule the testa is carried up over the cotyledons, fallmg 
off with their expansiou. 

The seedling (Fig. 183). 

Roots : primary root moderately long, terete, taj)ering, flexuose : lateral 
l-oots moderate in number, Hbrous, distributed dowii main root. Hypocotyl 
distinct from ancl thieker than young root, 1-2-1 -8 in. long, terete, tapering 
slightly upwards, green, minutely pubescent. Cotyledons sub-sessile, 3-5-5 in. 
by 3-4 m., plano-convex, Aeshy, elliptical orbicular, base sagittate, entire, 
glabrous, greenish yellow. Stem erect, wiry to woocly. Leaves, first jDair 
opposite, produced after a very short internode, thus emerging from between 
the cotyledons, subsequent leaves alternate. First pair simple or paripinnate 
with two or three pahs of learlets or imparipinuate with five leahets or 
bipinnate, one of the leaves often differing in iorm from the other. Simple 
Ieaves with petiole 0-1 in. long, lamina 0-8-1-2 in. by 0-3-0-4 in., ovate or 
elliptical lanceolate, acuminate, entire, glabrescent or mintitely pubescent. 
Earliest oompouud leaves with rac.his 0-5-0-S in. long, leaAets opposite, very 
shortly petiolate, 0-5-0-8 in. by 0-2-0-4 in., ovate lanceolate, acuminate. 

Seedlings raised at Dehra Dun showed only moderate growth during the 
tirst two years, nursery-raised transplants having a maximum height of 5|- in. 
and 14 in. by the end of the first and second seasons respectively. The 
seedlings proved very sensitive to drought, and grew best if well watered and 
kept shaded from the sun. 
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Fig. 183. Albmia lucida. Seedling x f . 
a, fiuit ; 6, eeed ; c-j, germination stages ; h-n, early seedling stages showing variations in leaves. 
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Shwicultiteai. characters. The siMcultural characters of this tree 
have not beeii studied in detail. It appears to be somewhat shade-bearing, 
and recpiires a moist situation for its best development. It has long spreading 
lateral roots near the suriace of the ground, which produce a prolinc crop of 
root-suckers to a eonsiderable distance from tlie tree. 

Artificial reprodtjction. Experiments at Dehra Duti have shown that 
transplanting can be done without mueh diinculty both in the rirst and in 
the second rainy season, though this should be carried out as far as possible 
in wet weather, Presh seed should be sown in the nursery-beds about March 
or April, the beds being kept well watered and weeded and shaded from the 
sun during the heat of the day. The transplauting of root-suckers is also 
recommended. 

6. Albizzia amara, Boivin. Syn. Mimosa amara, Roxb. Vern. Tugli, 
tugal, Kan. ; Laltei, Deccan ; Chikreni , Tel. ; Thuringi, unjai, usil, T&m. 

A small or moderate-sized much-brancheddeciduous tree withthin smooth 
dark greenish scaly bark. The leaves have numerous small leatlets. Heart- 
wood purplish brown, very hard, used for small building xnaterial, agricultural 
implements, &c, but chieny for fuel. 

A tree of the Indian Peninsula from Khandesh and Vizagapatam south- 
wards, on dry often hilly country. Dry regions of Ceylon. On the Laun 
sandstone plateau in Raipur, Central Provinces (Haines). It is a common 
tree in the dry mixed deciduous aud thorn forests of the Deccan. It is one 
of the most characteristic trees in the dry regions of the Madras Presidency, 
often growing on very poor soil ; anaong its chief companions are Acacia 
Latronum, A, Gatechu, A. planifrons, A. leucojphloea, Chlorozylon Smetenia, 
Dichrostachys cinerea, Azadirachta indica, Anogeissns latifolia, Prosopis spici- 
gera, Cassia Fistula, Strychnos Nux-vomica, S. potatorum, Phyllanthus Emblica, 
Gleistanthus collinus, Terminalia Ghebula, Zizyphus Xylopyrus, and Wrightia 
tinctoria. 

The tree reproduces freely from coppice-shoots and also produces root- 
suckers ; the coppice-shoots are often produced in sucli numbers that their 
size suft*ers and tlhnning is necessary. Natural reproduction by seed is usually 
good in areas protected from flre and graaing : goats are very partial to it, 
and it suffers much in grazed areas. The tree is usually worked as coppice 
or coppice-with-standards. It has been roughly estimated that coppice-shoots 
attain a girth of '2\ ft. in thirty years. 1 

The yellow fragrant nower-heads appear from April to June and the pods 
ripen in the cold season, chietly from November to January. The pods are 
5-8 in. by 0-7-1 in., thin, flat, greyish brown, pubescent, veined, with undulate 
edges. 

7. Albizzia mollis, Boivin. Syn. A. Julibrissin, Durazzini. Pink siris, 
hill siris. Vern. Sirin, lal siris, kurmura, Hind. 

A moderate-siaed tree of the western Himalaya, ascending to 7,000 ft. 
The tree reproduces freely from root-suckers, aud is useful for afforesting 
unstable hill-sides. The large pink tassels of Aowers appear from April to 
June, at which time the tree is very handsome. The pods ripen from September 
fco November, andremain some time on the tree : they are, 3-5 in. by 0-6-0-9 in., 
1 Tinivannainalai Working Plan, South Arcot, 1902. 
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thin, yellow or light brown, eight- to twelve-seeded. The growtli is f ast ; 
Gamble's specimens showed 3-4 rings per inch of radius, which gives a mean 
annual girth inerement of 1'57 to 2-1 in. 

8. AIbizzia molnccana, Miq. 

A very large fast-gro\ving Malayan tree with light foliage and a straight 
clean smooth grey bole, branching high up. It is largely grown in Ceylon 
and Java as a shade to coffee, and is worth eultivating as a qnick-growing 
shade tree for otlier crops requiring light shade, as it is said to possess soil- 
improving properties. It has recently been grown on land cleared for tea in 
Assam, where in the Towkok garden, Sonari, Sibsagar clistrict, trees four years 
from seed were reported in 1913 to have grown 46 ft. in height with a girth 
of 2 ft. 9 in. at 3 ft. from ground-leveI. Plantations of this tree have recently 
been formed in the Andamans, where it grows well even in exposed situations 
and is not affected by wincl. Plants from seed sown in Deceniber 1912 attained 
by 1916 a height of 30 to 35 ft. and a girth of l-g- to 2 it. ; those on the soil 
of cleared evergreen forest attained in the same time a height of 40 to 45 ft. 
and a girth of 2-3 ft. at 3 ft. from ground-level. A tree in the Poyal Botanic 
Gardens, Peradeniya, Ceylon, eleven years old, was 125 ft. high and nearly 
11 ft. in girth at 2 ft. fro.m the ground. 1 In Ceylon the pods ripen in May- 
June ; the seeds are small, about 1,200 weighing 1 oz- The wood is soft and 
light, and suitable for tea-boxes and planking. Owing to its rapid growth it 
should be worth plantiiig for this purpose in snitable localities. 

5. DICHROSTACHYS, DC. 

Dichrostachys cinerea, W. and A. 

A thorny shrub or small tree with brown or grey Iongitudinally lurrowed 
bark, foimd on dry stony ground in central and southern India, Rajputana, 
the Deccan and the dry zone of Upper Burma. It occurs also in Tinnevelly, 
along with Acacia planijrons, on land regularly inundated by sea-water during 
the north-east monsoon, forming a dense impenetrable growth, In the dry 
regions in which it is conimonly toimcl the torest is usually of an open scrubby 
natiire, situated both on hilly and on flat ground. In the Central Provinees 
it is frequent on black cotton soil. Silviculturally its chief importance in dry 
regions lies in the fact that it is very drought-resistiiig and reproduces freely 
\)y root-suckers, which are often produced at a considerable distance from 
the main stem owing to the long sjoreading lateral roots : thickets many 
yards in diameter are f ormed in this way. It is also comparatively immune 
from damage by grazing. 

Tlie plant resembles an acacia, having bipinnate leaves with minute 
leanets. The inflorescences are striking, consisting of cylinch'ical spikes of 
Aowers, the upper ones yellow and bisexual and the lower ones rose-coloured 
and sterile with long staminodes. The pods are 2-3 in. long, curled and 
twisted. The tlowers appear ancl the fruit ripens at various tiuies according. 
to locality, dming the hot season, the rains, or the cold season. 

1 Cir. and Agr. Journ. Roy. Bot. Gardens, Ceylon, Ser. I, No. 18, July 1900. 
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6. ADENANTHERA, Linn. 

Adenanthera pavonina, Linn. Vern. Munjuli, Kan. ; Anei, kundumani, 
Tam. ; Yimjyi, Burm. 

A handsome deciduous tree of the eastern sub-Himalayan tract, Burma, 
the Andamans, and the Western Ghats, often planted for ornament, espeoially 
in southern India. It attains a height of ahout 60 ft. The red wood is used 
for cabinet work and the scarlet seeds are used for jewellers' weights and 
necklaces. The tree reouires a moist climate to thrive well, and can be grown 
easily from large cuttings put down early in the rains. The seeds are hard, 
and germinate with some dimculty unless kept moist for some days prior to 
sowing. The tree is leaness for a short time during the cold season. The small 
yellow fragrant nowers appear in the hot season. The pods are linear, narrow, 
about 6-8 in. long, twisting while opening and exposing the red seeds. 

7. PITHECOLOBIUM, Martius. 

Species 1. P. dulce, Benth. ; 2. P. Sarmn, Benth. 

1. Pithecolobmm dulce, Benth. Syn. Inga ■ dulcis, Willd. ; Mimosa dulcis, 
Roxb. 

A moderate-sized evergreen tree with stipular spines in pairs, a native 
of Mexico but commonly cultivated in India and Lower Burma as a hedge 
plant, and in southern India also as a fuel tree. On the coast of the Nellore 
distrlct of Madras it has been planted on pure sand in the casuarina plantations 
as a safeguarcl against fungus diaease in the casuarina. Eor hedges it is usual 
to sow the seed at site, and to trim the plants. The small globular heads of 
white Aowers appear in January-ITebruary and the pods ripen from April to 
Juiie ; the latter are 4-5 in. long by 0-3-0-4 iii. broad, twisted, with blaek 
seecls embedded in a spongy eclible pulp. The growth is fast. The tree 
coppices vigorously, and stands a good deal of shade. Parker x gives the 
1'ollowing note regardiiig its susceptibility to frost in the Punjab ; 

' In Lahore it suffers considerably from frost. Seedliiigs planted in the 
Changa Manga Rest House Garclen grown from seed received in 1912 from 
Sonora, Mexico, were uninjured by three nights' frost when the shade tempera- 
ture sank to 27°, 27°, 26° F., although they were only a foot or so high and 
were quite unprotected. In 1914-15 plants from Indian seed were killed by 
frost m Lahore, but plants from Sonoran seed were uninjured, though they 
were not protected in-any way. Hence it appears that the Sonora plant is 
a more frost-hardy variety than the one hitherto grown, which has not got 
beyond the South and Eastern portions of the Province owing to frost.' 

2. Pithecolobium Samau, Benth. Rain tree. 

A large tree with a broad spreading crown, branching low down and 
forming a short bole. A native of tropical South America, it has heen largely. 
planted along roadsides in some of the warmer parts of India, and particularly 
in Lower Burnia, where it is one of the commonest roadside trees. It will 
not stand the colder parts of northern India, but elsewhere it is not particular 
as to soil, and will thrive even in comparatively dry climates, as at Mandalay, 
though it grows best in a moist climate. In the delta districts of Burma it 

1 Sbr. ,FJora Punjab, p. 201. 
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is capable of growing in some oi the wettest places, rapidly killing out grasses 
with its broad crown ; it has therefore been suggested as a suitable tree for 
planting up grassy blanks in tlie fuel reserves in swampy localities, with the 
view of ldlling out grass and enabling other species of trees to be introduced 
afterwards. The pods contain a sweet edible pulp, and are readily eaten by 
cattle ; the wood, however. is of little value. In Burma the Aowers with 
their pink tufts of stamens appear in the hot season, chiefly in April and May, 
and the pods ripen from March to May. The growth is very rapid, and the 
tree is easily raised from seed : it can also be grown irom cuttings. 



S. LEUCAENA, Benth. 

Leucaena glauca } Benth. Lead tree. 

An unarmed evergreen large shrub or small tree, a native of tropical 
America and naturalized in other tropical regions of the world. It is planted 
in the plains of India, otten as a hedge plant, and regenerates 1'reely from 
selt-sown seed. It occurs in the Phillaur plantation on the Puirjab plains, 
where natural seedlings appear readily and stand a fair amount of shade. 
In the Philippines, where it is known as ipil-ipil, its growth in youth, according 
to Mr. D. M. Matthews, 1 is extremely rapid, seedling plants twenty-six months 
old varying from 3 to 5 cm. (1-2 to 2 in.) in diameter at breast height. It 
coppices vigorously and the growth of coppice-shoots is much more rapid thau 
that oi seedling plants, the shoots reaching a height of 5 m. (16-4 ft.) and 
a breast-height diameter of 5 cm. (2 in.) in one year. Coppice coupes one year 
old on well-drained soil were found to yield more than 90 stacked cubic metrcs 
per hectare (1,287 cub. ft. per acre), including brushwood of all sizes, while 
coupes two years old yielded up to 114 stacked cubic metres per hectare of 
material large enough f or iuel, giving an annual production of 57 cubic metres 
per hectare or 815 cub. ft. per acrc. 

Tbe utility of tliis species for atToresting .grass-lands with the view of 
preparing the w&y for the introduction of timber trees has been proved in 
the Philippiues. The dominant grass is Imperata exaltata, with whieh few 
species are able to compete owing to its dense mass of rhizomes and roots. 
The usual custom is to burn the grass immediatery before the rainy season 
and to sow the Leucaena seed broadcast at the beginning of the rains : plough- 
ing up the groiuid beiore sowing the seed is considered likely to give better 
resuits. Where seed is not suttieiently plentiful sowing in ploughed lines or 
transplantiiig from the nurseiy is suggested. The plant tlowers and iruits at 
a very early age, good seed being produced by vigorous plants in the flrst or 
second year. In the Philippines the plant grows at comparatively low eleva- 
tions in regions wliere the raintall varies from 40 to 160 in. It is not particular 
as to soil, though it Aourishes best on deep moist soil. 

1 Bureau of Forestry, Philippines, Bull. No. 13, 1914. 
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ORDER XXIV. ROSACEAE 

This order is of little importance irom a forest point of view, except that 
many of the species reproduce freely by means of root-suckers and are tkus 
useful in clothing unstable hill-sides. This characteristic may, however, in 
some cases render them noxious weeds, as in the case of certain species of 
Rubus and Rosa, which form dense thickets in moist places, impeding the 
reproduction of forest trees. Rubus lasiocarpus, Bm., a scrambling shrub of 
the outer Himalaya, has an effective means of spreading by long flexible 
whip-like pendulous shoots which are produced in the. rainy season and grow 
rapidly. The ends of these shoots are soft, and as soon as they come in contact 
with the ground they produee roots which q_uickly take a firm hold oi the 
ground and in their turn produce new plants, a dense gregarious mass of 
interlacing brambles being formed in time. Of climbers, Rosa moscliata, MilL, 
and R. Lesche,naultiana i ^N . and A., deserve mention. The former is a common 
Himalayan species, often attaining considerable thicluiess and climbing to 
some height ; although extremely handsome when in rlower in the spring, it 
is often noxious to tree growth, causing suppression with its mass of scrambhng 
branches and foliage. The latter is a large climber of the hills of southern 
India, verj r common in the Nilgiri sJiolas. 

This order contains several important fruit trees grown in India, chiedy 
in the hills, namely Prumis armeniaca, Linn., the aprieot ; P. persica-, Benth. 
and Hook. f ., the peach ; P. communis, Huds., the plum ; P. Amygdalus, BaiJL, 
the almond ; P. Cerasus, Iinn., the cherry ; Pyrus Malus, Linn., the apple ; 
P. communis, Linn., the pear ; and Eriobotrya japonica, LindL, the loquat. 

The Rosaceae are with few exceptions hill species, the majority Hirna- 
layan, several in the hills of southern India and some in Baluchistan and the 
hills of Assam and Burma. 

Genera 1. IBsumJS, Linn. ; 2. Pyuus, Linn. 

1. PBJJNUS, Linn. '" ■•■■-. 

Species I. P. Puddum, Roxb; 2. P. Padus, Linn ; 3. P. uepalensis, 
Hook. f . 

1. Prumis Puduum, Roxb. Vern. Padam, Hmd. Indian wild cherry. 

A tree of the Himalaya, at 2,500-8,000 ft., Khasi hills and hills of Upper 
Burma, often cultivated. Bark greyish brown',' smooth, shiiiing, peeling off 
in thin horizontal strips like that of the coronibn cherry. Gamble notes that 
there are two varieties of the tree in the Darjeeling hills : (1) a very large tree 
with crimson flowers which appear in March, and (2) a small or medium-sized 
tree with pink ilowers which appear in October-November. The latter is the 
common one in the western Himalaya, both wild and cultivated. It is small 
or moderate-sjzed, producing olusters of pink Aowers in the autumn or early 
winter, chieny from October to December, though it occasionally dowers 
partially out of season, e. g. in July. The oldleaves turnyellow and fall from 
October to December, the new nush appearing before the old ones have all 
tallen, and remaining iresh and green through the winter. The fruit, a yellow 
and red ovoid drupe 0'4-0-6 in. long, ripens chieAy frqm April to June. The 
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seeds are spread by birds. In Burma the tree is evergreen or nearly so, and 
this is also the case in the western Himalaya. When in nower it is very 
handsome. In the western Himalaya it is common in open village lands 
as well aa in the forest- It stands a fair amount of shade, and may be found 
Aourishing under the moderate shade of other trees, though it tlowers best 
in the open. It reproduces fairly freely from root-suckers, and can be grown 
from cuttings ; it forms a good stock plant for the common cherry. 

2. Prumis Padus, Linn. Syn. Padus cornuta, Carr. ; Cerasus cornuta, 
Wall. Bird cherry. Vern. Pdras. kalakat, zam, Pb. ; Jamana, jamoi, 
Jaunsar. 

A nioderate-sized or large deciduous tree with brown scaly bark. Wood 
with a handsome silver grain, suitable for turniture and deserving to be better 
known. In Europe it is usually a rather small tree, but in the Himalaya it 
attains a height of 60 ft. or sometimes more, and a girth of 6 ft. or over. 

DiSTKiBUTiON AND habitat. This is the most widely distributed of all 
the species of Prunus, and is found throughout the greater part of Europe, 
in Siberia, Manchuria, North China, Japan, Persia, the Caucasus, and the 
Himalaya. In the Himalaya it is common chieAy at 6,000-10,000 ft., oiten 
occurring more or less gregariously on rather moist pasture grounds and in 
forest glades, associated with Acer caesium, Aesculus indica, Ulmus Wallichiana, 
and other broad-leaved species, as well as with coniters, particularly with yew 
(Taxus baccata), which in Hazara is often in the form of an underwood to it 
(see Fig. 185). It is particularly common in Haaara, where it attains very fair 
dimensions : on the higher ridges and graaing grounds at 9,000-10.000 ft., 
where it is plentit ul, it is often associated with Pyrus lanata. 

Leait-shedding, elowerhstg, and prtjitustg. The Ieaves turn red and 
fall in the autumn, the tree remaining leaAess during the winter and the new 
leaves appeariug in the spring. The racemes of small wliite nowers appear 
from April to June, and the fruits, red to nearly blaek drupes about 0-4 in. 
in diameter, ripen from August to October. Eig. 184, a, shows the fruit-stone. 
The seed is disseminated by birds, which eat the fruits. 

Germination (Fig. 184, b, c). Epigeous. The fruit-stone splits in two, 
enabling the radicle to emerge. . The hypocotyl elongates, carrying the coty- 
ledons above ground, while the two halves of the fruit-stone are left on the 
ground. 

The seedling (Eig. 184). 

Roots : primary root moderately long, wiry, flexuose : lateral roots 
moderate in number and length, hbrous, distributed down main root. Hypo- 
cotyl distinct from root, 1-2 in. long, terete, fusiform or tapering upwards, 
red, minutely pubescent and tender when young, brown, glabrous and woody 
in second year. Cotyledons : petiole very short, nattened : lamina 0'25-0-3 in. 
by 0-15-0-2 in., plano-convex, Aeshy, elliptical or obovate, entire, glabrous. 
Stem erect, slightly compressed, minutely pubescent ; first internode, above 
cotyledons, 0-6-1-5 in. long, subsequent internodes of hrst season very short, 
leaves being crowded together. Leaves simple, first pair opposite, subseguent 
leaves alternate or sub-opposite, approximate. Stipules 0-2-0-3 in. long, 
linear acuminate, timbriate. Petiole 0-2-0-4 in. long. Lamina 1-2-5 in. by 
0-5—1 in,, ovate lanceolate, acute or acuminate, base acute or tapering, serrate, 
glabrous, venation arched, veins prominent, depressed above, raised beneath, 
lateral veins 7-10 pairs. 




Fig. 184. Prunus Paclus. Seedling x |-, 

a, fruit-stone j b, c, germination stages ; d, e, tleve]opwent of seedling during iirat season ; 

/, seedling in seooutl season. 
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The growth of the seedling is soniewhat slow, natural seedlings attaining 
a height of about 3-5 in. during the tirst seasou and 9 in. to 1 ft. in three years. 

Silvicultueal charactebs. The tree is a moderate light-deinander. 
It coppices well and produces root-suckers freely, especially wlien trees are 
felled or when the superhcial roots are exposed and woimded. The branchea 
are somewhat liable to be broken by snow. 

Natueal eepeoduction. Under natural conditions the seed germinates 
about April. Seedlings spring up in abundance on newly exposed ground, 
and particularly on deep loose rubble ; natural reproduction may often be 
found in quantity on landslips and places recently eroded by snow. 

3. Pnmus nepalensis, Hook, f. Vem. Arupatti, Nep. 

A large tree of the central and eastern Himalaya at 6,000-10,000 ft., 
Iihasi hills, Upper Burrna in evergreen forest in the Ruby Mines district at 
6,000 ft. Bark greyish black, thin, smooth ; branches verticillate. Mr. F. B. 
Manson x says the seeds, which are distributed by birds, germinate very easily 
in the end of Eebruary and the beginning of March, even when hoar-irost is 
frequent, and that the seedbngs seem to tlrrive almost as well mider cover 
as in the open, and are very common and useiul for restocking blanks. He 
adds that the tree has an extensive range, but in the Darjeeling hills it thrives 
best. between 6,000 and 6,500 ft. ; here it grows cmickly, and sound trees of 
8 to 10 ft. in girth with nue straight boles are met with. In this locality the 
new leaves appear in March, the fiowers in May, and the fruit ripens in 
October-Novembei\- 

2. PYRUS, Linn. 

Pyrus Pashia, Ham. Syn. P. mriolosa, Wall. Vern. Patangi, Hazara ; 
Kdint, mehdl, "W. Him. 

A moderate-sized deciduous tree of the Himalaya at 2,000-8,000 ft., 
Khasi hills and hills of Upper Burma. In the outer Himalaya it is very 
eommon on open simny slopes, often with Quercus incana, Rhododendron 
arboreum, Berberis aristata, B. Lycium, and Pieris ovalifolia, and lower down 
with Pimis longijolia, while at the base of the hills it is associated with low- 
level species, for esample at Dehra Dun. It has spreading superlicial roots 
and reproduces with great freedom from root-suckers, especially on hill-sides 
where the roots have become exposed ; in this respect it is useful in preventing 
landslips. It can be grown irom cuttings, and forms a useful stock for the 
apple. The leaves fall in November or early December, turning nearly black 
before talling, and the trees are leaness until the following March or April, 
when the new leaves appear ; at low elevations they may appear as early 
as February. The white rlowers appear with the new leaves, but occasionally 
trees may be seen nowering out of season, as late as July. The fruit is a globose 
five-celled pome 0-6-1-2 in. in diameter, greenish brown, covered with raised 
light grey dots, resembling a miniature apple, with brownish black shining 
seeds like small apple seeds. The fruits become full-sized by about July or 
August, but remain hard, with a firm whitish very astringent rlesh until 
November-December, when the nesh begins to rot and turn black and sweetish : 

1 Working Plan for the Darjeeling Forests, 1893. 2 Gamble, Darjeeling List. 




Fig. 185. Prunus Parlus growing gregariously, with an underwood of 
Taxus baccata, H;izara. 
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they are conspicuous on the leaAess trees during tlie earlier part of tlie winter. 
The fruits are left untouched by birds, though sometimes eaten by monkeys, 
until they become over-ripe, in which condition they are eagerly devoured by 
birds, including crows, which visit the leaness trees in winter, testing each 
fruit and eating those which have become soft and leaving those which have 
not yet reached this condition ; in this way the seeds are scattered. 

Gamble notes that the leaves are attacked by the fungus Gymnosporangium 
Gunninghamimium, Barel., whose alternate generation is on the Himalayan 
cypress, and that another species is also found on it, G. chvariaeforme, Jaccp, 
whose alternate generation is probably on the juniper. 

The growth is moderate. Gamble's specimens showed 8 rings per inch 
of radius, or a mean annual girth increment of 0-78 in. A cross-section 
2 ft. 10 in. in girth in the silvicultural museum at Dehra Dun hacl 31 riugs, 
giving a mean annual girth increment of 1-1 in. 



ORDER XXV. HAMAMELIDACEAE 

Genera i. Bucklandia, R. Br. ; 2. Parrotia, C. A. Meyer. 

1. BUCKLANDIA, R. Br. 

Bucklandia populuea, R. Br. Vern. Pipli, E. Him. 

A tall handsome evergreen tree with cordate shining coriaecous leaves 
and thick neshy stipules. Bark of poles blackish and slightly rough, that of 
old trees reddish brown and deeply fmxowed. The bole is long but seldom 
entirely free from side branches, and the crown is dense and spreading ; poles 
grown in the open are pyi'amidal in ehape, and often have several leading 
shoots. The tree reaches very large dimensions, attaining a height up to 
140 to 150 ft. Mr. H. S. Gibson records a tree 22 ft. 6 in. in girth (see Eig. 186) ; 
the largest apparently sound stem measm'ed by him was 17 ft. in girth. 

This is one of the most valuable trees of the Darjeeling liills, with a reddish 
brown durable wood used for planking, nooring, door and window frames, 
and many other purposes. It is one of the best trees for aSorestation and 
f or the protection of hill slopes liable to landshps ; it is also an escellent 
soil-improver. It was at one time so exteusively cut out in the Darjeeling 
1'orests that there are now very few large trees left, and the tdmber sekloni 
comes on to the market ; it is, however, being extensively planted. 

DiSTHiBimosr awd habitat. The eastern Himalaya, Khasi liills, Manipur, 
and the hills oi Martaban. In the Darjeeling hills it is found between 3,000 
and 8,000 ft., but thrives best between 4,000 and 6,500 ft, Tlie climate here 
is moist, the normal rainfall being about 120 to 160 in. The tree is found 
on various aspects ; a northerly aspect suits it best, no doubt owhig to 
favourable conditions of soil moisture, but plantations on southerly dry slopes 
have succeeded well, showing that it is adaptable. It prefers a thoroughly 
moist sandy loam, though it does well on clayey soils, and is not exacting : 
it grows better in depressions than on ridges. The tree grows in inixture with 
other species of the Darjeeling liills, but has a great tendency to regenerate 
on newly esposed ground 6n landslips and similar places, where it often forms 
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pure groups ; on such places it is frequently associated with Alnus nepalensis, 
which also regenerates freely on newly exposed ground. It occurs eometimes 
011 precipitous grotmd. 

Floweri:ng anb frctitng. TJie tree produces nowers and fruits at 
various seasons, and one tree in hower and another in iruit may l^e found 
side hy side. The fruit is a small globose capsule, in which the lower seeds 
are winged and fertile aiid the upper ones are sterile. The seecls (Fig. 189, a) 
are 0-2—0-3 in. long, compressed, angular, reddish brown, smooth, moderately 
hard, light, about 7,000 weighing 1 oz. The small light winged seeds are 
capable of being blown to a considerable distance by the wind. Good seed- 
years are of frequent occurrence. Although seed is obtainable at almost any 
time of year, Mr. J. R. P. Gent has obseiwed that seed collected in March 
gives the best results, possibly bccause the climatic conditions in the tollowiiig 
months are most favourable for germination and early development ; these 
conditions are sufficient warmth and probable showers of rain in May. Great 
eare is necessary in collecting the seed. If collected a day or two betore it is 
actualry ripe it will not germinate, while if collection be delayed too long 
tJie seed will have esoaped from the capsules. The truits should thereibre be 
collected when they are just commencing to open and spread in the sun to 
open them, the seed then being shaken out and sown at once. 

Gicrmestation- (Fig. 189, h-i). Epigeous. The whitish rachcle emerges 
from one end of the seed, the hypocotyl elongates by arching and soon 
straightens, carrying the cotyledons above ground. The testa ia almost always 
carried up over the cotyledons, and frec[uently adlieres to tlie end of one of 
them after they expand, eventually falling to the ground. 

The seedling (Fig. 189). 

Roots : primary root moderately long, at first tliin and delicate, after- 
wai'ds wiry, flexuose : lateral roots numerous, long, nbrous. Hypocotyl 
distinct from root, 0-5-0-8 in. long, terete or slightly compressed, white or \Aiik 
turning green, minutely pul^escent, Gotyledons : petiole about 0-05 in. long : 
lamina 0-3-0-35 in. by 0-2 in., toliaceous, somewiiat Aesliy, elliptical or ovate, 
apex rounded, entire, glabrous. Stem erect, terete or slightly compressed, 
pubescent, appearing jointed owing to the ring-like sears left by the stipules 
after lalling. Leaves simple, alternate. Stipules 0-2 by 0-1 in. in young seed- 
hugs, up to 0-8 by 0-4 in. in second season, somewhat uneoually eJJiptical, 
imbescent, enclosing tJie terminal bud, deciduous. Petiole 0-2-2 in., pubescent. 
Lamina 1-2-5 in. by 0-9-2in., corclate, acuminate, entire, glabrous above, 
slightly pulDescent beneath, venation arcuate with five prominent veins from 
the base. The leaves increase considerably in size, to about 4-5 in. long aad 
broad in tlie second season. 

The growth of the seedling for the first few years is somewhat slow. It 
reaches a height of ouly a few inches by the end of the hrst season, adding 
a few inches more by the encl of the second season ; plants raised at Lehra 
Dun w r ere 4-10 in. liigh at tlie end of tJie second season. The seedlings are 
capable of standing a fair amount of shade, but once established they develop 
much better if full light is admitted ; shade tests at Dehra Dun showed that 
they are killed by very dense shade. In lieavy weed-growth the young plants 
become suppressed, hut if they surmount the weeds their strong leaders 
penetrate through almost anything. At Dehra Duh they were found to damp 




Fio, 189. Bucklandia popuhiea. Seedling. 

«, seed ;< § ; b-i, germination stages (b-h X %, i X \) ; j-l, devclopment of seedlmg duriug firat 

BBasott x J ; m, seedlmg enrly in second seaaou x J. 
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off if given too much water. The seedling is sensitive to frost, but in its 
natural home it is usually out of danger after it reaches a height of 3 or 4 ft. 
At Dehra Dun seedlings in the open were killed in large numbers during the 
winter. The young plant is not usually considered very sensitive to drought 
in the Darjeeling hills, but at Dehra Dun seedlings in the open died off in 
large numbers during the hot weather even when watered, whereas those 
kept under slight shade survived. 

Silvicui/tubal chaeactebs. The tree is a shade-bearer, and also gives 
heavy shade ; it develops best, however, with abundant overhead light, 
though it requires to be grown in a close crop in order to counteract its 
tendency to form numerous side branches. Fig. 187 shows a pole grown in 
a crop suthciently dense to produce a clean bole. It does not coppice except 
when young, and it does not produce root-suckers. It is sensitive to frost 
in youth, but later it is immune in its natural home. In dry situations it is 
liable to suffer from p]'olonged drought, but in the Darjeeling hills it is seldom 
severely tried in this respect. It is very sensitive to fire, and although pole 
crops are capable of surviving light ground hres they are killed by severe 
hres. The young plants are sensitive to grazing ; they are reacUly eaten by 
cattle and by deer, and plantations accorcUngly require to be fenced, par- 
tieularly against the latter. 

Natubal eepboduction. As alreacly mentioned, the small light winged 
seeds-are carried by wind to a considerable distance from the tree, and seedhngs 
are therefore ofteii found a long way from any seed-bearer. The tendency to 
regenerate in masses on newly exposed gromid on landshps and similar places 
has already been noted : this is a characteristic of many species with small 
light seeds, and is due largely to the fact that such seeds are unable to reach 
the ground when it is covered with a mass of undergrowth or a low thick 
herbaceous growth of weeds and grass, while the smaU seedhng is unable to 
effect contaet with the mineral soil except where the latter is exposed. Natural 
seedlings, however, are not conhned to landslips, and are found in otlier places 
where there is no heavy soil-covering and where the shade is not too dense 
for their development, for instance along paths, on ridges, and sometimes in 
the iorest itself where conditionsare favourable. 

Artiiticial reproductiom. The tree has been extensively grown in 
plantations in the Darjeeling hills. Seed is sometimes sown broadcast on 
landslips, but otherwise transplanting from the nursery is the invariable rule. 
Pure plantations have been found to give better results than plantations 
where Bucldandia is mixed with Michelia ezcelsa and oaks. Experience has 
also shown the unsatistactory results of wide spacing owing to the tendency 
of this species to form numerous side branches ; a spacing of not more than 
6 it. by 6 ft. is now considered advisable. 

The usual niethod adopted in the torest nurseries in the Darjeeling hills 
is to sow freshly collected seed in nursery becls of fine earth in March or April, 
the seed being lightly covered with earth. The seedhngs are either pricked 
out 6 in. by 6 in. at the end of the tirst season and again transplanted 6 in. 
apart in lines 9 in. apart at the end of the second season, or left for two years 
in the seed-beds and transplanted into nursery lines 1 ft. apart in the third 
season. Beds containing seedlings up to two years old are protected hy screens 
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from heavy rain, from frost in the winter, and from a hot sun in the summer, 
The seedlings are usually liept in the nursery until four years old, by which 
time they are about 3 ft. high and are large enough to plant out into the 
forest ; they can he transplanted when three years old, but they are usually 
somewhat small and the extra cost of cleaning makes it preferable to keep 
them a year longer in the nursery. 

Transplanting is usually carried out in the rainy season from June till 
early August. A break in the rains ia considered the best time, as plants 
pitted out in rainy weather are apt to become water-logged and to die owing 
to an accurnulation of water in the pit. Nursery plants often have too much 
foliage, and this should be reduced at the time of planting to prevent excessive 
transpiration. Winter planting is possible, but the risk of frost damage makes 
rains planting preferable. In places subject to severe frost it is customary 
to protect the plants during the nrst year after transplanting, usually by means 
of a leafy branch stuck in the ground besicle the plant and broken over it. 
The plantations recprire to be fenced against deer. 

In the Mongpoo plantations of the Cinchona Department a different 
method is adopted. The seed is sown in March and April in well-manured 
seed-beds under the shelter of double bamboo mats. When about 3 in. high 
the seedlings are pricked out ahout 3 in. apart : they are kept well weeded 
and watered, and by the end of June in the seoond year are about 8 or 9 in. 
high. The shelter of bamboo mats is then gradually removed and the seedlings 
are transplanted with balls of earth, the planting holes being dug to a depth 
of 1 8 in- at least a f ortnight in advance. The plants are tended careiully f or 
the nrst year or so after they are put out, and when there is danger of drought 
the ground around their roots is covered with grass. When the ground becomes 
hard it is forked up all round the plants. Under this treatrnent the growth is 
f ast, the plants attaining a height of 20 ft. in seven or eight years on good soil. 

Fig. 190 shows a young plantation, and Figs. 1S8 and 191 show older 
plantations. 

>SiLvictrLTUBAL treatment. The best treatment for Bucklandia is to 
grow it in dense pure crops with sumcient side shade to prevent the formation 
of side branches but with abundant overhead light to promote height-growth. 
The tending of natural plants or crops as well as of plantations recruires to be 
carried out with this ohject in view. 

Rate of geowth. Young plants ordinarily reach a height of 3 ft. in 
five years and 8 to 15 ft. in ten years. At fifteen years the height is about 
15 to 25 ft., and at twenty years about 30 to 40 ft., with a girth of l-£ to 2 ft. 
According to Gamble the radial growth is 6 to 7 rings per inch of radius, repre- 
senting a mean annual girth increment of 0-9 to 1 in., which is fairly fast. 

A plantation below Rangirum in the Darjeeling hills, shown in Fig. 191, 
was measured in 1917 with the following results : 
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38 
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36-2 


79 


4,517 (timber 2,889 cub. ft. 



A thinning carried out that year gave a total of 1,632 cub. ft., of which 
timber amounted to 878 cuh. ft. 
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2. PARROTIA, C A. Meyer. 

Parrotia Jaccpiemontiana, Dcne. Himalayan witch-hazel. Vern. Pdser, 
hildr, sJitar, Punjab. 

A large gregarious cleciduous shrub or small tree, strongly resembling 
a hazel, occurring between 3,000 and 8,500 ft. in the Himalaya from the 
Juinna westward. It is used chieny for wicker-work for the walls of houses 
and for rope-bridges, the twigs being flexible and very tough : it is also used 
for walking-sticks and other purposes. Sihdculturally it is of importance 
owing to the abundance with which it springs up as an underwood in certain 
localities. It coppices very vigorously, stands a certain amount of shade, and 
forms dense masses which impede the reproduction of deodar, blue pine, 
and other trees. It is a good soil-improver, and if it can be kept down 
sumciently to allow young deodar and pine to penetrate its cover they grow 
well : the only means of ensuring this seems to be to cut back the Parrotia 
repeatedly, a costly operation owing to its vigorous power of coppicing. 

ORDER XXVI. RHIZOPHORACEAE 

This order comprises for the most part a number of littoral species collec- 
tively known as mangroves, which. together with certain species belonging to 
other natural orders, make up the curious littoral ibrest tormation known as 
mangrove swamp. Of non-littoral species the most important is Carallia 
lucida, Roxb. 

Mange.ove swamp. Mangrove ibrest is found in littoral regions through- 
out the tropics, not along sandy beaches or rocky shores wliioh arc exposed to 
the full force of the wind and the waves, but in the estuaries of rivers, in creeks 
and lagoons, and on low islands where the f orce of these agencies is not so 
strong. In such places the mangrove belt occupies a strip of low-lying muddy 
grouncl, subject to inundation by ordinary tides, the strip varying in width 
froni less than a hundred yards to several miles. 

Distribtjtiow akd sPisciES. Iii a classitication of the mangrove l'orma- 
tions of the world two broad but well-deiiiied areas are distinguishable — an 
eastern area embracing East Aliica, Asia, and the Polynesian Islands clown 
to Australia, and a western area comprising the coasts of America and West 
Atrica. The species in the rcspective areas are distinct, but the eastern area 
is far richer in species tlian the western. The most exteusive and highly 
developed mangrove torests are tbuncl in the Malayan regiou, and particulaiiy 
in the island of Borneo, where the connguration of the country favours the 
formation of mangrove swamps over large areas in the coastal regions. 1 

In the Indo-Burman region the mangrove forests are distributed to 
a greater or less extent in suitable localities throughout the coastal regions, 
from the delta of the lndus in Sind southwards along the west coast of the 
Peninsula down to Travancore, from the Sundarbans southwards. along the 
east coast of the Peninsula and down the coast of Chittagong, Arakan, and 
Burma ; also along the coast of the Andamans and adjacent islands. The 
mangrove forests of Arakan are estimated to cover 948 sc^uare miles, while 
1 Distributiou and Utilization of the Mangrove Swamps of Malaya, F. W. Poxworthy, 1909 
(Ann. Jard. Bot. Buitenaorg, 2° sĕr., Suppl. III). 
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there are f urther large stretehes of mangrove both north and south of Mergui 
along the coast and round the islands. 

The natural orders and the principal species which make up the niangrove 
formations of the Indo-Burman region, and the localities in which they are 
known to occur, are given in the ibllowing tentative table : 

Distribution of mangrove swamp species in the Indo-Burman region. 



Natural order. 
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Specis. 



r? » « 



Rhizophora mucroiiala, Lara. 
li. conjugata, Linn. 
Oeriops Oandolleaiia, Arn, 
O. ltoxbitrghiana, Arn. 
Kandelia Rlieedii, W. and A. 
Bnu/uiera gi/mnorhiza, Lam. 
B. eriopetala, W. and A. 
B. caryophylloides, Bl. 
B. parvifiora, W. and A. 
Carapa obomta, Bl. 
0. moluccensis, Lam. 
Oijnometra ramijlora, Linn. 
Lumnitzera racemosa, Willd. 
L. coccinea, W. and A. 
Sonneralia acida, Linn. f. 
5. apetala, Ham, 
S. ai6a, Smith 
5. Griffithii, Kurz 
Scyphiphora liydrophylla cen , 

Gaertn. 
Aegiceras majiis, Gaertn. 
Acanthus ilicifolius, Linn. 
Avicemvia offieitmlis, Liun. 
Excaecaria AgallocJia, Linn. 
xVipa /niticaiis, Wurmb. 
Phoeni% palwlasa, Roxb. 
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3 iJicobnrs. 

Although the species mentioned in tlris table occur in tlie mangrove 
swamps, some of them are by no means confined to them, and may extend to 
the drier ground farther inland. 

Charactekistios of mangkove swamps. Mangrove swamps are formed 
pn the silt which is washed down by rivers and creeks, and which, subject to 
occasional erosion, gradually spreads seawards, the mangrove spreading with 
it and helping, by means of its dense growth and mass of roots 3 to hold up the 
silt and ibrm new land. As the silt accumulates the ground gradually rises 
and becomes drier, and an entirely new formation replaces the mangrove; 
this formation occnrs on land which is inundated only by spring tides, and 
is commonly known as tidalforest. The most important Indian species of the 
tidal f orest is the sunclri (Heritiera Fomes). Although some of the speeies of 
the mangroye swamp exteud into this ibrest many new speeies appear. The 
mangrove formation, extends up rivers «ometimes for miles, and is usually 
intersected by numerous creeks, which are often dry atlow tide but ean be 
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years, and the minimum f elling limit being a girth of 1 f t. afr 4£ f t. f rom ground- 
level. The system is said to be dinicult to control, and when, as sometimes 
happens, the crop eonsists inainly of stems 1 ft. in girth and over, olearings 
may result, and artiticial reproduction has to be resorted to. 1 The retention 
of seed-bearers in such places should help to regenerate the blanks naturally. 

Artificial reprodtjctio^. Artincial reproduction is a simple matter, 
the embryos being collected off tke ground after talling and stuck vertically 
in the mud. In the Andamans mangrove plantations were commenced in 
1897, the species employed being Rhisophora mucronata, R. conjugata, Bruguiera 
gymnorhita, B. parviflora, Kandelia Rheedii, and Geriops Gandolleana. These 
plantations were extended until 1908, when the total area amounted to 685 
acres, the cost of creation being Bs. 5,368 or slightly under Bs. 8 per acre. 
The original spacing is said to have been 3 ft. by 3 ft., which proved to be 
excessively close. and some years later alternate rows were cut out, as well as 
alternate saplings in each row, leaving a spacing of 6 ft. by 6 ft. These planta- 
tions have suffered much from the erection of bunds already referred to, whereby 
the flow of fresh and tidal water was interiered with. 

In Burma in 1908 five aeres in the Zapathwe fuel reserve in the Hantha- 
waddy district were cleared of all rmdergrowth and species of little value and 
planted 4 ft. by 4 ft. at the end of October with Rhizophora mucronata (2 acres), 
B. conjugata (1 acre), and Kandelia Rheedii (2 acres). The overhead clearance 
caused early drying of the mud, while hog-deer ate oiJ the niain shoots, with 
the result that only about 30 per cent. of the seedlings survived until the 
following May, and these were in poor coudition. Similar esperiments with 
RMzophora mucronata- and R. conjugata in the Mingalun fuel reseiwe in the 
same district gave better results, about 30 per cent. of the former species and 
40 per cent. of the latter being in good condition, with a height of about 
•1\ ft., by the tohWing May. In the Federated Malay States the embryos 
are usually dibbled in 4 ft. by 4 ft. or 6 ft. by 4 ft., and the percentage of sur- 
vivals is high, almost the only danger being from crabs, which eat through 
the stem at its base. 

Eate ojj 1 growth ANO out-turk. The rate of growth of mangroves is 
said to be slow, but actual statistics are not available except in the case of 
the Andamans plantations, where Rhizophora mucronata and Bruguiera gym- 
norhiza attained a height of 30-35 ft. and a girth of 9-12 in. in lifteen years. 
Sample plots in Arakan gave an average yield per acre of 3 tons of bark and 
25 tons of wood in clear-lelled coupes. 

Genera 1. Rhkophora, Linn. ; 2. Geriops, Arn. ; 3. Kandelia, W. and 
A. ; 4. Brtigutera, Lani. ; 5. Carallia, Boxb. 

1. BHIZOPHOBA, Linn. 

Species 1. R. mucronatu, Lam. ; 2. R. conjugata, Linn. 

1. Rhizophora mucronata, Lam. Vern. Bhara, Beng. ; Kandal, Mar. ; 
Kamo, Sind ; Uppu poma, Tel. ; Pyu, Burm. 

A small to moderate-sized evergreen tree with elliptical mucronate leaves 
4-7 in. long, the young branches thick and prominently marked with the scars 
of fallen leaves and stij)ules. Bark fairly smooth, brown. This tree produces 
1 The Mangrove IToreata of the West Coast, E.M.S., J. P. Mead, 1912. 
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characteristic atilt-roots, the lower portion of the stem dying early and tlie 
tree remahring propped up on numerous roots which are submerged at high 
tide and stand out of the mud at low tjde. Aerial roots are also prdduced 
from the hranches, these fbdng themselves in the mud. This tree is the one 
most commonly found on the outer iringes of the mangrove swamp where 
the water is decidedly salty and the action of the tides and waves is most 
strongly felt : its peculiar root-system therefore is of special advantage in 
forming an anchorage to withstand this action. 

The conspicuous white nowers appear in the hot season and rainy season, 
and the fruits ripen in the rainy season. The fruit (Pig. 192, a) is 1-5-2 in. 
long, conical-ovoid, pendidous, coriaceous, rough, dark brown. The hypo- 
cotyl (Pig. 192, h-d), which emerges through the apex of the fruit, is sharp 
pointed and rough with lenticels. Before dropping it attains a considerable 
length, ordinarily ■ up to l|—2 ft., but sometimes longer, aud the seedling is 
thus able to establish itself in water of some little depth, the sharp point of the 
hypocotyl. penetrating the mud and the young plant being kept upright while 
the roots are rapidly developed and the iirst pair of foliage leaves appear at 
the apex of the shoot. Seedlings wliich have established themselves in this 
way may often be found in cpiantity in the mud and shalknv water round the 
parent trees. The tree commences to produce fruits at an early age. 

The sapwood is light red and the heartwood dark red, hard, but splits in 
seasoning. It is a good fuel. The bark is used for tanning. 

2. Rhizophora conjugata, Linn. Vern. Pyu-ma } Burm. 

A tree somewhat smaller than, but with habits similar to those of the 
last species, with which it is commonly associated. The leaves are narrower 
and darker than in R. mucronata ; it can be most easily distinguished by the 
calyx-lobes, which are pale 3'ellow within. The fruit is about 1 in. long : the 
liypocotyl is smaller than in E. mucrotuiia, up to about 1 ft. long. 

2. CEMOPS, Arnott. 

Species 1. C. Candollewna, Arn. ; 2. C. Boxbwrgli,mna, Arn. 

1. Ccriops Candolleana, Arn. Vern. Goran, Beng. ; Ohauri, Sind. 

2. Ceriops Roxburghiana, Arn. Vern. Goran, Beng. ; Guttia, Chittagong ; 
Kabaing, Burm. 

Small evergreen trees resemblhig each other in appearance and habit, 
and distinguished mainly by the intlorescence, which is more compact in the 
latter thau in the former. The bark of both species contains a great deal of 
red colouring matter. The stem is not supported by stilt-roots as in Rhizopliora, 
but aerial roots are sent down from the branches, and small or inconspicuous 
pneumatophores are produced. The fruit, which is about 1 in. long, ripens 
in August-September, and the hypocotyl when it falls is 4r-6 in. long by 0-25-- 
0-35 in. in diameter, longitudinally gi;ooved and ribbed, tapering upwards : 
about 120-150 of the embryos weigh 1 lb. Fig. 192, e-g, shows germiuation 
aud the developmeht of the young seedling. 

Brandis gives the respective distribution of the two species as follows : 
C. Oandolleana. Tidal forests of Sind, the Indian Peninsula, Bengal, and 
the Andamans. Sea-coast of tropical Asia, Africa, and Australia. 
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Fig. 192. Kbizophoraceae. Germination. 

Bhizophora miwronata x J ; a, fruit ; b, fruit with radicle protruding ; c, fruit with embryo (hypo- 

ootyl) half grown ; d, embryo after falling froin fruit. 
Ceriops Candollearta x -j ; e, fruit with protruding hypocotyl fully developed ; /, embryo detaohed 

from fruit ; g, h. dovelopment o'f young seedling. 
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G. Roxburghianu. .Sundarbans, coast of Burma, Malay Peninsula anrt 
Archipelago. 

Both are indiscriminately known in the Sundarbaus as goran, and are in 
great demand ior fuel and house-posts. The goran is otten gregarioua, iorming 
nearly pure f orests in many places ; it is also found in mixture with variou,s 
other species. In Chittagong, Geriops is worked as coppice on a rotation of 
eight years f or the production of small fuel and of bark, the latter heing sold 
to nshermen for tanning their nets. In the Malay region the bark is cousidered 
superior to that of any other mangrove f or cutch making : it is also used for 
dyeing a red colour. 

3. KANDELIA, Wight and Am. 

Kandelia Jiheedii, W. and A. Vern. Goria, Beng. ; Madama, Burm. 

An evergreen shrub or small tree with spongy reddish brown naky bark, 
elliptieal oblong leaves 3-5 in. long, and white tlowers. ITruits ovoid, 0-5-1 in. 
long, encircled by the calyx lobes ; hypocotyl up to 15 in. long. This man- 
grove is not as a rule so common as most of the others ; it occurs usually on 
the banks of tidal rivers some little distance inland, and not so much uear the 
sea-face. The wood is sott, and is used only for iiiel and charcoal. 

4. BRUGUIEBA, Lam. 

Species 1. B. gymyiorhim, Lam. ; 2. B. eriopetala., W. and A. ; 3. B. caryo- 
•phyUoides, Bl. ; 4. B. parviflora, W. and A. 

1. Bruguiera gymnorhka, Lam. Vern. Kanhra, Beng. ; Kandal, Mal. 
This, the largest of the mangroves, is an evergreen tree attaining under 

favourable conditions a height of 80 ft., though in India a height of 30-40 ft. 
is more usual. In Malaya it is said to reach a height up to 100 ft. and a girth 
up to 5 or 6 ft. Bark rough, dark, with large corky leuticular patehes. Flowers 
large, solitary, orange or red. Eruit 0-7-1 in. long, enclosed in the calyx tube 
and crowned by the 12-14 red calyx lobes. The hypocotyl usuahy grows to 
6-12 in. in length bef ore dropping, but may attain a length of 2 f t. The Aowers 
and fruits are produced from June to October. 

This tree is a common one in the mangrove forests of the Indian region. 
being associated with the two species of Bhizophora and occurring as a rule 
immediately behind them. Unlike these, however, it is not supported on stilt- 
roots, but produces knee-roots along the surface of the ground. 

' Bourdillon says it is very common on the baekwaters about Quilon, form- 
ing with the two species of Rhizophora the majority of the mangroves seen 
there. Talbot says it is equally common with Rhuophora in the North Kanara 
mangrove f ormations, and Prain says it is the chief constituent of the mangrove 
jungles in the Cocos Islands. 

The wood is reddish brown, very hard, used f or beams, posts, planks, and 
rirewood ; it is said to be dimcult to split. The bark is sometimes used for 
tanning. 

2. Bruguiera eriopetala, W. and A. 

A tree strongly resembling the last species, but smaller, with large, solitary, 
yellow nowers. 
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3. Bruguiera caryophylloides, Bl., including-.S. malabarica,. Arn. 

This is tlie smallest and probably the rarest species of the.genus. The 
bark is thin, brown, the foliage light green, the leaves ■thinly coriaceous, and 
tlie howers small, white, in 2-to 3-flowered cymes. The fruit is yellow, about 
0-5 in. long, and.the hypocotyl reaches a length of about 6-8 in. before falling. 
Flowering and fruiting take place in the rainy season. 

4. Bruguiera parviflora, W. and A. 

A small tree, widely distributed in the mangrove iormations of the Eastern 
Hemisphere, and often very common, sometimes forming pure crops iu the 
middle of the mangrove swamp. In some localities it attains a fair height, 
but it is always of small girth : in the Indian region it is a small tree or a mere 
shrub. The foliage is yellowish green, paler than in the previous species. 
The fruit is about 1 in. long, enclosed in the enlarged calyx : the nowers and 
iruits appear in the rainy season. The hypocotyl is furrowed, truncate, 
and reaches a length of only 4-5 in. before talling. The tree grows on drier 
ground than RJiizopJiora, chiefly away from the banks of streams, and often 
reproduces in great profusion. 

5. CARALLIA, Roxb. 

Carallia lueida, R>oxb. Syn. C. integerrinia, DC. Vern. SJiengali, panasi , 
Mar. ; Andi, andanmria, Kan. ; Karalli, Tel. ; TJiehera-maiii, Ass. ; Maniaioya. 
Burm. 

A moderate-sized to large handsome evergreen tree with a dense crown 
of shining opposite leathery elliptical leaves, and pronoimced opposite brauch- 
ing. Bark moderately thick, the outer dead bark corky, furrowed, dark grey 
outside, pink when eut, the inner living cortex pale greenish yellow or pinkish 
when newly cut, turning orange brown on exposure. There are.numerous 
small corky excrescences on comparatively small-sized twigs oi the previous 
year's growth ; the new twigs are green. The numerous broad medullary rays 
are conspicuous as vertical streaks on the outer sitrfaee of the sapwood and 
on the inner suriace of the cortex when the latter is stripped off. Sometimes 
the tree produces aerial roots, showing its relationship to the mangroves. 
Tlie tree is at times mistaken for a Garcinia, and vice versa, but the pink 
corky bark is a distinctive 1'eature, while the cut cortex of Garcinia spp. exudes 
a yellow gum-resin which is not present in that of Garallia. In Burma the 
tree reaches a height of 50-80 ft., with a girth of 6 or 7 ft- In the Indian 
Peuinsula it is smaller. 

The wood is hard and very omamentai ii cut radially, the large medullary 
rays giving it the appearance of good oak ; the heartwood is red to chestnut- 
brown. The wood is suitable for panelling, fimiiture, picture-frames, and 
similar purposes. 

Distbibution and habitat. The tree is ibund in limited q_uantity iu 
damp evergreen and swamp forests in the sub-Himalayan tract as far west as 
Dehra Dun ; it is very scarce in the west but commoner in the east. It occurs 
iu Bengal, ascending to 4,000 ft. in Sikkim, Assam, Cliittagong, Chota Nagpur 
along streams and ravines in Singhbhum (Hatues), Orissa and the Circars, 
the Central Provinees in South Chanda along ilowing streams in Ahiri and 
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Sironcha ranges (Haines), Western Ghats, Burma, chiehy in the moister parljs 
•of Pegu and Tenasserim .: also in Geylon, China, the Malay Peninsula and 
islands aouth to Austraha. It is nowhere abundant, and is typicai of moist 
localities. occurring in evergreen and semi-evergreen forests and along streauis 
and moist shady ravines. In the Dehra Dun valley it is a constituent of true 
swamp forest, where it is associated with Diospyros Embryopteris, Putranjkm, 
Roxburghii, Eugenia Jmribolana, Eicus glomerata, Pterospermiim aceriplimn, 
Cedrela Toona, Bischoffia- jananica, Albizzia procera, Treioia nudijiora, and 
Calamus temiis. In the Bengal Duars it occurs in moist evergreen and semi- 
evergreen forest assoeiated with Dillenia indica, Michelia, Amoora, Dysoxylwn, 
Aleliosma, Turpinia, Eugenia spp., Elaeocarpu-s spp., Gurcinia spp.. and several 
Lauraceae. 

BourdiUon sjays it is common in all the evergreen forests of Travancore 
up to 4,000 ft. Talhot says it is found throughout the tropical rain toresta 
of the Konkan and North Kanara. In Burma Kurz, in his Preliminary Report, 
inentions that it is frequent in Pegu and Tenasserim up to 4,000 ft. on meta- 
morphic rocks, sandstones, and permeable laterite, in evergreen tropical and 
upper mixed iorest ; it occurs also in the lower mixed forest where it verges 
on evergreen forest. 

In its natural habitat the absolute maximum shade temperature varies 
troni 9.5° to 110°F., the absolute minimum from 33° to 65° F., and the normal 
raintall from 50 to 200 in. or more. 

Flowering and PBTnTiNG. The small nowers with white petals, iu 
trichotomous cymes, appear from December to March, and the iruits ripen 
about May-June. The fruit is globose, neshy, 1-seeded, coriaceous. The seed 
is 0-2-0-3 in. in diameter, compressed, shaped like a ereseent in which the 
horns are curled round to form an almost complete circle, reddish hrown, 
somewhat rough, with a fairly thick hard testa and a copious wMte albumen : 
840-980 seeds weigh 1 oz. (samples from Burma). The seed is perishable, 
and while on the grouncl is very iiable to rot and to be attacked by insects. 
lt is dinicult to explain the scattered distribution of the tree otherwise than 
by the dissemination of the seeds by bird agency. 

Gbrmination. Epigeous. The testa splits round the edge, the radicle 
emerging through the opening so caused. The hypocotyl elongates byarching, 
raising the cotyledons above ground ; the ends of the cotyledons reniaiu 
enclosed in the albumen of the seed for some little time before falhng. 

The seedling. Seedlings cultivated at Dehra Dun showed slow develop- 
ment during the hrst two seasons, reaching a height of 1^—2 in. by the end of 
tlie hrst season and 5-14 in. by the end of the second. In the earher stages 
the young plants suffered much from the attacks of crickets. During the third 
and subsequent seasons growth was more vigorous, the height being 3 ft. 11 iu. 
at the end of the tlurd season, and 7 ft. 8 in., with a basal girth of lO^in., at 
the end of the fifth season. The young plants were found to grow best under 
slight shade on ground kept weU watered but loose. They proved sensitive 
to clrought, but were not so frost-tender as might be expected from a tropical 
evergreen species. 

Seedlings at Dehra Dun had two to three pairs of leaves by the end of 
the iirst season, the cotyledons persisting until the end of the season. Side 
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branches commenced to form in the second season, and from the third season 
onwards the branching was vigorous, with copious ioliage. The following 
characters apply to the young plant : 

Young stems bright green, somewhat nattened, with a longitudinal ridge 
up the centre of each ilat side ; nodes swollen. Leaves opposite, lanceolate, 
rinely serrulate, coriaceous, glabrous, shining, darker above than below, up 
to 5-5 in. by 1-5 in. by the end of the second season ; petiole 0-2-0-4 in. long. 
Young leaves very shiny, lighter green than the older ones, involute in the 
bud, with small acuminate interpetiolar stipules between them which quickly 
enlarge to 0-5-0-6 in. in length and fall, leaving well-marked brown scars 
extending aeross the shoot from base to base of the petioles. 

The serrulate leaves of youug plants are interesting. In tlie older plants 
they are entire, or serrulate above the middle ; in the forest young trees up 
to 6 or 7 ft. high or more have been noticed with all the leaves serrulate 
throughout. 

Silvigtjltub,al characters. The tree is a shade-bearer. It coppices 
well and reproduces freely from root-suckers, which are sometimes produced 
in quantity on swampy ground. Prost does not ordinarily occur within its 
habitat except in the extreme north ; in the abnormal frost of 1905 it sutlered 
severely in the Dehra Dun valley, where one tree was noticed to have been 
killed right down, but next year it shot up vigorously from the base. It is 
exacting as to soil, being found oidy on rich deep moist soil. 

Artieicial reproottction. Experiments at Dehra Dun havts shown that 
owing to the large percentage of faihu'e in the aeed direct sowings cannot be 
rehed on. Transplanting, however, is easy. The seed should be sown quite 
fresh in drills in fairly rich but porous soil about May-June, the beds being 
kept well weeded and watered, and sheltered from the sun in hot weather. 
The plants are ready for transplanting in the rainy season when two yea.rs old. 

This tree can also be grown successfully 1'rorn cuttings, which should be 
kept in the nursery and watered and shaded until well rooted. 
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This order is one of great importanee in Indian forestry, containing as it 
does several trees of considerable economic as well as silvicultural importance 
belonging to the genera Terminalia and Anogeissus. It also oontains several 
climbers or scrambling shrubs of the genera Combretum, Quisquctlis, and 
Calycopteris. Of these Combretum decandrum, Roxb., conspicuous by the 
large white bracts of the inlloresceuce, is a particularly noxious climber. It 
is common in parts of the sub-Himalayan tract, for example on the hill slopes 
round Kalsi on the Jumna, in Assam, Chittagong, Burma, Chota Nagpur, aud 
in parts of the Indian Peninsula. It forms dense masses, suppressing young 
seedhng and coppice growth and climbing into the crowns of trees. It is very 
dimcult to deal with, as it grows rapidly and luxuriantly after cutting, and 
reproduces freely from seed, qnantities of yoimg seedlings appearing in the 
rainy season. 

Genera 1. Termikalia, Linn. ; 2. Anogeissus, WaU. ; 3. Lumnitzeea, WiUd. 
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J. TERMINALIA.. Lhm. 

This genus is of great importance both silviculturally and economically ; 
it comprises ten Indian species, all trees, some of which reach large dimensions. 
The climatic and other reguirements of the species vary considerably, T. 
Oliveri being connned to the driest parts of Burma, while others such as 
T. myriocarpa, T. paniculata, T. bialata, and T. Catappa are characteristic of 
the moister regions, the last named being essentially a littoral species. T. 
tomentosa, T. Chebula, and T. belerica are very widely distributed, while 
T. Arjuna is peculiarly restricted to the banks of streams. where, however, it 
is often abundant within its region. 

The fruits vary. They are drupaceous in T. belerica, T. Chebula, and 
T. Catappa, ordinarily 5-winged in T. tomentosa, T. Arjuna, and T. Oliveri, 
unequally 3-winged in T. paniculata and T. myriocarpa, anrl broadly 2-winged 
in T. bialata. The germinative power of the seed is variable. In T. Chebnh 
it is poor, in T. belerica usually good, while in the other important species it is 
more variable but often indifferent. Germination is hypogeous in T. belerica 
and epigeous in T. tomentosa, T. Arjuna, T. Chebula, and T. myriocarpa. 
The straggling habit of the young plant is a peculiar feature in certain species, 
notably T. tomentosa, T. Arjuna, and T. myriocarpa ; yoimg plants of T. 
belerica are erect. 

Species 1. T. belerica, Roxb. ; 2. T. CJtebula, Retz. ; 3. T. tornentosa, W. 
aiid A. ; 4. T. Arjuna, Bedd. ; 5. T. myriocarpa, Heurck and Muell. Arg. ; 
6. T. Catappa, Linn. ; 7. T. paniculata., Roth; S. T. bialata, Steud. ; 9. T- 
Oliveri s Brandis. 

1. Terminalia belerka, Roxb. Vem. Bahera, Hind. ; Tare, Kan. ; Goting, 
bherda, Mar. ; Tam, Tam. ; Tandi, Tel. ; Thitsein, Burm. (JTig. 195.) 

A large deciduous tree, attaining a height of 120 ft. and a girth of 10 ft. 
or more, usually with a straight tall bole ; large trees are often buttressed at 
the base. Bark bluish or ashy grey, with numerous fme longitudinal cracks, 
yellow inside. Leaves broadly elliptical, 4-8 in. long, clustered at the ends of 
the branchlets. Wood yellowish grey, hard, not durable, but lasts fairly well 
under water, used for planking, packing-cases, boats, and other purposes. 
The fruits are used for tanning, but are inferior to those of T. CJiebtih. 

Distribt/tion and habitat. The tree is fomid in deciduous forests 
throughout the greater part of India and Burma, but not in arid regions. It 
is a common associate of the sal, the teak, and other important trees, occurring 
more or less scattered and not gregariously. In the Indian Peninsula it occurs 
most frequently in moist valleys. In Burma it is fairly common in deciduous 
forests both of the upper and of the lower mixed types, with or without teak. 

In its natural habitat the absolute maximum shade temperature varies 
from 97° to 115° ~F., the absolute minimum from 30 Q to 60° F., and the normal 
rainfall from 40 to 120 in. or more. 

Lba^-shbdding, ploweking, and i^ruiting. In northern India the 
leaves commence talling in some cases as early as Novernber, some trees being 
almost leaAess by the end of that month, while others may be in fuh leaf till 
the end of January. The trees remain leaness until Maich to May, when the 
new foliage appears. The spikes of small greenish white nowers appear in 
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April-May with the young leaves ; they have a strong honey-like smell, which 
is almost oveTpowering at times. The Iruits (Eig. 193, a) ripen from November 
to February and fall during the cold and hot seasons. The iruit is a somewhat 
diy Aeshy drupe 1-1-5 in. long, ovoid, pyriform, ellipsoidal or globose, grey 
velvety tomentose, with a hard thick-walled woody light yellow putamen 
0-7-1-1 in. long (Fig. 193, &). The fruits are greedily eaten by monkeys, 
squiiTels, pigs, deer, goats, and other animals, and are never allowed to lie 
long on the ground before being stripped of their neshy eovering : during the 
cold and hot seasons small clusters of the light yellowish fruit-stones may be 
found lying about the forest disgorged by deer in rumination. During the 
cold season the trees may often be seeu with numerous withering branchlets, 
broken by monkeys in picking the fruits. The partiality of animals for the 
rlesh of the ripe iruits is an assistance to the spread of the seed. On the other 
hand, much of the fruit crop is rendered ineffective by insects and animals. 
The immature fruits are attacked by insects duriiig the rainy season, and 
may fall to the ground. The hard nuts of the iruits are very largely borecl 
into by insects while lying on the ground, and the whole crop may be destroyed 
in this way. The nuts are also frequently broken open, fov the sake of the 
kernel inside, by squirrels, pigs, and other animals, and in some localities it 
is rare to fhid a single sound nut on the ground by the beginning of the rainy 
season. 

The germinative power of the seed is better than that of most species of 
this genus, and much better than that of T. Ghebula. Tests carried out at 
Dehra, Dun showed a fertility of 86-100 per cent. for 1'resh seed and 5-40 
per cent. for seed kept one year. 

Gbemination (Fig. 193, c-e). Hypogeous, thus differing from that of 
the other species under consideration. The hard putamen splits into two 
halves, and the radicle emerges, a strong taproot soon establishing itselt. 
Meanwhile the cotyledonary petioles elongate, curving in the process and 
separating sumciently to enable the young shoot to issue from between them. 
The cotyledons and the remnants of the putamen remain in or on the ground. 
The seedling (Fig. 193). 

Eoots : primary root long, thick, terete, tapering, light brown : lateral 
roots moderate in number and length, fi.br ous, distributed down main root. 
Hypocotyl not very distinct, 0-2-0-3 in. long, subterranean. Ootyledons : 
petiole 0-4 in. long, thick, rleshy, nattened, curved to side of stem : lamina 
0-6-0-8 in. by 0-5-0-6 in., thick, Aeshy, broadly ovate or nearly orbicular, 
auricled by a basal prolongation, convolute and remaining some time within 
the nut. Stem erect, terete, green, pubescent ; internodes 0-4-1-2 in. long. 
Leaves simple, exstipulate, first pair opposite, sub-opposite or alternate, 
subsequent leaves alternate, earlier leaves small, subsequent leaves increasing 
rapidly in size. Petiole 0-1-0-3 in. long. Lamina 0-9-5 in. by 0-5-3 in., 
elliptical or obovate, acute, base acute or tapering, entire, glabrous above, 
sparsely pubescent on veins beneath, venation arched retieulate. 

The growth of the seedling during the first season is only moderate, 
a height of about 5-8 in. being ordinarily attained. Subsequently the develop- 
ment is moie rapid, particularly if the plants are regularly weeded, f or although 
they are capable of making their way through weeds their development is 
considerably impeded in the process. The 3'oung plants do not assume the 
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stragghng habit of some Terminalia species, but grow erect, producing strong 
side brancb.es from the second year. A long stout taproot is formed, and 
develops considerably in the second year ; plants only one year old, that is 
in the second season, have been dug up and found to have thick taproots as 
much as 3| ft. long. 

The seedlings stand fairly dense shade during the hrst year or two, but 
very heavy shade suppresses and kills them atterwards. Frost often affects 
the Ieaves, but ordinary frosts do not kill back the seedlings, particularly in 
grass. Hail tears the large leaves to pieces, as was observed in a severe hail- 
storm at Dehra Dun in Pebruary 1913. ln northern India the season's growth 
stops in November-Deeember, and new growtli starts in March. The leaves 
tum yellow about November-December, and commence falling in December- 
January ; by March they have usually all tallen. 

The following measurĕments in experimental plots at Dehra Dun give 
some inclicatioii of the rate of growth of young plants under different eon- 
ditions, and eshibit the marked erTect of weeding : 



Terminalia belerica : rate 01 growth of young plants, Dehra Dun. 



Condition under which grown. 



(1) In nursery, weeded and watered 

(2) Transplants of lst rains, not weeded 
or watered subsequent to transplanting 

(3) Pruit soattered on ground as under 
natural conditions ; subsequently 
weeded. Sunny locality 

(4) Fruit scattered on ground as under 
natural conditions ; uot subsecruently 
weeded. Sunny locality 

(5) Fruit scattered on ground as under 
natural conditions ; not subsequently 
weedecl. Sunny locality 

(0) Friiit scattered on gronnd as under 
natural conditions ; not subseqnently 
weeded. Moderate side sbade 

(7) JTruit scattered on ground as under 
natural eonditions ; not subsequently 
weeded. Heavy shade 



lst season. 
0fb.0in.-0ft.8in. 
MaxiimnnOft. 6in. 

Maximum f t. 5 in. 



Oft.4in.-Oft.7in. 

(heavy grass and 

weeds) 
Maximum ft. 5 in. 



Height at end of season. 
2nd season. 3rd season. 



Maximuni 
lft. 6in. 

2 f t. 6 in.- 
3ft. 2in. 



ft. 7 in.- 

ft. 9 in. 

Maaraum 

1 ft. 3 in. 



Maximum f t. S iii. Masimum 
(heary growth of ft. 11 ii). 
weeds) 

Masimum f t. 6 in. f t. 3 in.- 
0ft.l0in. 



4th season, 5th season. 



1 ft. 2 in,- 
2ft. Oin. 

4 ft. 5 in.- 
10 it. 



Maxiniuin 
2f t. 7 in. 



2 ft. 6 ia- 

3 ft. 7 in. 
Masimuni 

12ft.9in. 

(girth 

0ft. 7in.) 



Masimum 
5ft. lOin. 



4ft. 11 in- 
5ft. 8 in. 



Silvicultukal charactebs. The tree is a light-demander, though it ean 
stand slight shade in youth. It is decidedty sensithre to frost, all records of 
severe frosts agreeing in this respect ; the leaves are usually f ound to be 
touched by frost more readily than those of almost any of its associates. As 
regards drought it is somewhat more hardy, though it does not occur in very 
dry localities. In the abnormal drought of 1907 and 1908 in the sal forests 
of Oudh it proved to be tairly hardy, while it was not atiected in the severe 
drought of 1899 and 1900 in the Indian Peninsula. 

It coppiees fairly well. Measurements made by Mr. C. M. McCrie at 
Ramgarh in the Gorakhpur district, United Provinces, showed an average 
varying from 1 to 2-5 shoots per stool in coppioe ooupea of cMerent ages up 
to fifteen years old. Measurements made by me in 19] 1 in the Tikri forest, 
Gonda, United Provinces, gave for coppice one year old an average height 
of 5 ft., and an average of two shoots per stool, as against 4-7 ft, and 2-2 shoots 
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respectively for sal. Experiments in 1909 in North Chanda, Central Provinces, 
showed a poor pollarding capacity, while the results of coppice fellings were 
on the whole good ; the percentage of stools which coppiced successfully in 
differentmonthsbeing: (1) April, nil ; (2) May, 100 ; (3) June, 100 ; (4) July, 
100 ; (5) September, 50. 

Natural eepeodtjctios. The consumption of the rleshy portion of the 
fruit and the dissemination of the hard nuts by animals has already been 
alluded to. Where the flesh is not so consnmed it rots off or is eaten off by 
white ants, the nuts often being wholly or partially buried in the process. 
Germination takes place at different times during the rainy season. Suceessiul 
germination is greatly assisted if the nuts are buried by rain, by white ants, 
or otherwise, since the radicle of the germinating seedling is liable to be eaten 
by birds and insects or to dry up if exposed to the sun. A considerable degree 
of moisture is necessary to stimulate germination, and it has been fomid hy 
experiment that germination takes place more readily in moist places under 
shade, particularly if the nuts are buried, than in places exposed to the sun. 

The high germinative power of sound seed and the comparative ease 
with which the seedling establishes itself would indicate that the tree should 
be more gregarious than it is. There can be little doubt that its sporadic 
character is due to the fact that the seed is so much subjeet to the attacks 
of animals and insects that a comparatively small proportion reaches the 
germinating stage. 

Artipicial eeproduction-. Experiments in direct sowing have not been 
tried, but transplanting during the tirst rainy season, before the taproot has 
beconie too long. has proved cjuite successful. The nuts or the whole fruits 
should be sown in the nur.sery in March or April, covered with earth and 
watered regnlarly. Geiinination usually takes place about oue to two moiitks 
after sowiug. Transplanting should lie doiie in wet weather, and may be 
carried out either aiter pruning the stem and roots or with stem and roots 
intact ; the latter gives the better results, the tormer checking the growth 
considerably. 

Rate of geowth. The rate of growth is moderate, or under favourable 
concUtious rapid. The tollowing records are available of girth nieasurements 
of trees in sal forest sample plots in the Cnited Provinces : 

Terminalia behrica : girth ineasurements in sample plots, United 

Provinces. 



Forest 
Jivision, 


Locality. 


No. ui yeara 

uuder 
ouservation. 


No. of trees 

under 
observation. 


Girth 
classen. 


Mean auniial 
girth incremeu 
for the period. 


Saharanpur 


Lholkhand and 
Malowala 


T antl 12 


{! 


ffc. 
0-1 

:t-4 




in. 

0-30 
()-S(i 


iSouth Kheri 


Bhira range 


S iind 9 


{i 


1-2 
2-3 




0-38 
0-54 


Lansdo"vvne 


Chaukhamb 
Jogichaiir 
Kauria 
Gewain 


17 

4 
12 




i 

i 

2 


1M 
3-4 
6-8 

Ji-3 




0-34 
0-80 
0-40 
010 


Haldwani 


Khonani 


6 


2 


3^t 




0-46 



TERMINALIA 511 

A tree raised irom seed sown in 1901 by Mr. Haines in the forest garden 
at Chaibassa, Chota Nagpur, attained in sixteen years a height of 36 ft. and 
a girth of 2 ft. l£ in. 

Gamble's speciniens gave three to seven rings per inch of radius, repre- 
senting a mean annual girth increment of 0-9 to 2-1 in., which is rapid. 

As regards coppice, measurements by Mr. C. M. MoCrie in 1910 in the 
Ramgarh coppice coupes, Gorakhpur, gave the following results : 

Terminalia belerica : rate of growth of coppice, Ramgarh, Gorakhpur, United 

Provinces. 
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2. Terminalia Chcbula, Retz. Syn. T. tomentella, Kura. Myrabolan tree. 
Vern. Harra, Hind. ; Hirda, Mar. ; Anale, Kan. ; Kadahai, Tam. ; KaraJca, 
Tel. ; Panga, Burm. 

A moderate-sized to large deoiduous tree with a rounded crown, spreading 
branches, and usually a skort trunk, though in Burma it often grows tall and 
straight. Bark dark brown, often longitudinally cracked, exfoliating in woody 
scales. Wood very hard, fairly durahle, used for building, agricultural imple- 
ments, and other purposes. The tree is important mainly on account of its 
fruits, which are the best of the commercial myrabolans used for tanning. 

Distribtjtios and habitat. Throughout the greater part of India and 
Burma in mixed deeiduous torests, extending into forest of comparatively dry 
types. It ascends to considerahle elevatioiis, up to 5,000 ft. in the outer 
Himalaya, and according to Bourdilion, up to 6,000 1't.in Travancore in localities 
where the rainiall is light. In Burma it occurs in deciduous forests botk of 
the upper and of the lower mixed types, along with teak. Terminalia tomentosa, 
and their associates : it occurs also in indaing forest on laterite, along with 
Dipterocarpw tuberculatus and its companions. It estends to the borders of 
the dry zone of Burma, but is not a cliaracteristie tree of the drier parts of 
that zone. It is found on a variety of geological formations, and on clayey 
as well as on sandy soil. In the Central Provinces it is partioularly common 
on metamorphic rocks in open forest or village lands, but also occurs on other 
geological forniations. In Bombay it is common on Deccan trap, and Talbot 
notes that on the laterite of the Mahableshwar plateau at 4.500 ft. it is one of 
the principal constituenta of tlie low ehin-wood iorest. It is also a eharaeteristic 
tree of other special types of dry f orest. Thus in the Goalpara district of Assam 
it is common in the bhabar traet Mnging the base of the outer hills on deep 
boulder formation in misture with sal and Lagerstroemia parviflora in a dry 
stunted type of forest of a pronomiced deciduous character : again, in the 
Kangra valley it grows gregariously in rather stunted form on poor rocky 
ground at about 3,500 ft. elevation, either pure or mixed with Pinus longi- 
folia. 
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In its natural habitat the absolute maximum shade temperature varie,s 
fvom 98° to 118° E., the absohite minimum from 30° to 60° F.. and the normal 
raintall from 30 to 130 in. 

Leae-shedding, elowerikg, anu jtruiting. In some localities the leaves 
commence falling in November, and by Eebruary or March the trees are usually 
leaness. The new leaves appear from March to May ; they are light green 
or sometimes copper coloured. The spikes of greenish white nowers appear 
with the new leaves. In the Himalayan valleys tlowering may take place as 
late as June. In the Central Provinces, Haines says fl.owe.ring takes place 
to a small extent in July— August, in addition to the usual nowering in 
April-May. 

The iruits ripen from November to March, according to Iocality, and fall 
soon after ripening. The iruit (Fig. 194, a) is a somewhat harcl drupe 1-2 in. 
long, obovoicl, ellipsoidal or ovoid, yellow to orange brown, sometimes tinged 
with red or black, 5-ribbed when dry ; the nut (putamen) is 0-7-0-8 in. by 
0-5-0-6 in., ovoid, pale yellow, rough, hard, sub-angular. For commercial 
purposes the fruits are collected when cpiite ripe and spread out in the sun 
until thoroughly dry. The iruit crop varies from year to year. About 35 to 
45 tresh 1'ruits, or 60 to 75 dry fruits, weigh 1 lb. 

The germinative power of the seed is poor. The precise cause of this has 
not been ascertained ; Mr. J. E. 0. Turner, 1 writing of conditions iu Boinbay, 
says that geriuination is generally backward with regard to the ridged iruits, 
but that those known iocally as bhomja, in which the neshy portion has been 
trausformed into a black powder, presumably by a lungus, germinate readily. 
Tests at Dehra Dun with whole fruits as well as with nuts from which the 
outer tleshy covering was removed, invariably gave poor results. The results 
were better in the shade than in the sun . It was also f ound that the seed retained 
its iertility to a small extent for one year. 

Germination (Eig. 194, 6-/). Epigeous. The hard putamen splits in 
two and the radicle emerges from one end ; the cotyledonary petioles elongate, 
arehing slightly and raising above ground the cotyledons, which are convolute 
in the seed and unroll on emerging. The young stem then issuesfrom between 
the cotyledons, and the discarcled pieces of the putamen remain in or on the 
ground. 

The seedling (Eig. 194). 

Roots : primary root moderately long, somewhat thin, terete, tapering, 
wiry, yellow turning brown : lateral roots moderate in number and length, 
tibrous, distributed clown main root. Hypocotyl distinct from and much 
thicker than root, 0-3-0-6 in. long, somewhat compressed and quadrangulai\ 
yellow tmning green, pubescent, scarcely emerging from the soil. Ootyledons : 
petiole 1—1-5 in. long, nattened above, yellow or pinkish turning green, tomen- 
tose : lamina 0-9-1 in. by 1-5-1-7 in., foIiaceous, somewhat neshy, reniform 
or broadly orbicular, apex truncate or retuse, base acute, entire, yellow at 
tirst, becoming green on expanding, pubescent near base on both surfaces, 
glabrous elsewhere, with three prominent and two less conspicuous veins 
Irom the base, veins prominently branched. Stern erect, zigzag at the nodes, 
terete.j green, rusty pubescent ; internodes 0-5-1-2 in. long. Leaves simple, 

1 Ind. Porester, xxxiii (1907), p. 362. 
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Fig. 194. Teruiinaliii Chebulu- Seichung x £ 

a — Pruit b- f — Germination stages g, h— Development of suedling duriiig iirst season 
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alternate, exstipulate. Eirst leaf sometimes under 0-3 in. long. ovate lanceo- 
late, acute or acuminate, pubescent. Subsequent leaves with petiole 0-1-0-2 in. 
long,tomentose ; lamiua O-S-4-5 in.by 0-5-2 in., ovate, acute. entire, pubescent, 
briglit green above, somewhat paler beneath, venation arched reticulate, 
lateral veins 4-10 pairs. 

The yonng seedling oi tliis species can be distuiguished from tliose of 
T. tomentosa and T. Arjuna by tlie length of the hypoeotyl and the eotyle- 
donary petioles (see p. 519). 

The growth of the aeedling is comparatively slow, a heiglit of about 
4-8 in. being ordinarily attained by the end of the first season, increasing to 
1-2 ft. by the end of the second season. The yearis growth ceases about 
Noyember ; the leaves commence falUng that nionth, and the seedling is 
leaness in January-February, new growth commencing about Marcli (Dehra 
Dun). Young plants are fairly frost-hardy. 

Silvicultueal chaeactebs. The tree is a light-demaiider, thougb in 
youth it stands slight shade and even benents by side protection from the 
sun. It is fairly hardy against frost as well as drought. It withstands 
fire well, and has good powers of recovery from burning. It coppices fairly 
well. 

Natukal eeproduction'. The tallen fruits often beconie partially buried 
by rain, the soil round them being blackened with the tannin they contain. 
The neshy portion becomes partly eaten by white ants or disintegrates, leaving 
the hard nut exposed. Germination takes place in the rainy season, same- 
times not until the end of that season, or in some cases not until the f ollowing 
year. The scarcity of natural reproduction in some localities is very noticeable. 
and is a matter which requires further study. Where the collection of myra- 
bolans is carried out extensively, the removal of the iruits would be sufficient 
to account f or it. On the other hand, the lack of reproduction may be attribut- 
able to soine extent to the poor germinative power o£ the seed and to the fact 
that it is much subject to the attacks of insects, rats, and scmirrels. Numerous 
fruit-stones f omicl lying ungerminated after the end of the rainy season have 
been split open, and almost invariably the seed has been found to be destroyed 
by insects. The seed germinates better if it has become covered with earth 
or debris than if it is lying in the open. 

AETn?rcLi.L eeprodtjctioj!'. Sowings oii mounds, in patches or trenclies, 
and otherwise have been carried out foT years, but with very indifferent 
success, owing in part at least to the poor germinative power of the seed aiid 
to its liability to the attacks of insects, squirrels, and rats. 

Experiments at Dehra Dun showed that transplanting from the nuraery 
can be carried out successfully in the Srst or second rainy season. The most 
successful method of raising plants in the nursery was found to be by drying 
the fruits thoroughly, removing the hardened tleshy covering, and sowing the 
fruit-stones iu boxes before the rainy season, covering them with earth and 
watering them regularly. Even with tliis treatment a success of only 20 per 
cent. was attained. Soaking the rruits in moist manure for some days was 
found to have no effect in stimulating gernunation. For artincial reproduc- 
tion the fruits should be collected from the ground as soon as they fall, and not 
off the tree. 

2307.2 
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Rate of geowth. The rate of growth is slow. The Mlowing measure- 
ments of trees in sal forest sample plots have been recorded : 
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Gamble's specimens showed six to ten rings per iuch oi radius, representing 
a mean annual girth inerement of 0-63 to 1-05 in. 

Coppice measurements showed an average heighb of 8 ft. and 8-5 ft. in 
five years in Dehra Dun and Gorakhpnr respectively. 

3. Terminalia tomentosa, W. and A. Vern. Sain, ain, saj, asna, asan, 
Hind. ; Matti, Kan. ; Sadada, Guz. ; Maddi, nallamaddi, Tel. ; Karra tmrda, 
Tam. ; Tauhkyan, Burm. 

A large deciduous tree with a long clean hole and a full crown. Bark 
grey to hlack, with deep longitudinal hssures and transverse cracks dividing 
it into oblong scales, red inside. Wood dark brown with d&rker streaks, 
hard, strong, oli variable durability, used for builcling, carts, railway wagons, 
mine props, bedsteads, and other purposes : it lasts well under water. 

The thickness of the bark varies with size and other eonditions : the 
fo]lowing ngures give the average of a number of measurements made in the 
Dehra Dun district : 
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Apart f rom its economic value the tree is important silviculturally as being 
one of the conunonest of Indian f orest trees and being suitable f or aiioresting 
clayey ground. In favourable localities it attains a girth of 12 ft. or more 
and a height of over 100 ft., but on dry rocky ground and other unfavourable 
situations it is stunted. 

It is somewhat variable, particularly as regards its leaves, which as a rule 
are large and tomentose in less favourable localities and smaller aud more 
glahrous in localities in which it grows best. 

Distklbtjtion' and habitat. General distribution* Terminalia tomentosa 
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Eig. 195. Terminalia behrica, Unitcd Piwinces. 
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Ftu. Li)(i. Tennin<tlia toimniosa, tree 12 ft. 4 in. in girth and 1.15 ft. in lieight on 
alluvial ground. Gonda distrit:t, Cnited Piwiuces. 
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is one of tlie cominonest and most widely distributed of Indian forest trees. 
It estends throughout the sub-Himalayan tract from the Ravi eastwards, 
ascending the outer hills to 4,000 ft. : it is not common east of the Jalpaiguri 
district of Bengal, and is rare in most parts of Assam. It is not found in 
Sind and Rajputana, but is common throughout the greater part of the Indian 
Peninsula, estending into coinparatively dry regions. It is plentif ul throughout 
the greater part of Burma, extending into the dry zone and ascending to 
4,000 ft. in the Southem Shan States. 

Glimate. In its natural habitat the absolute masimum shade temperature 
varies from 95° to nearly 120° F., the absolute minimum irom 30° to nearly 
60° F., and the nornial rainfall from 30 to 150 in. 

Soil. The tree attains its largest dimensions on deep rich aHuvial soil. 
On poor shallow soil, particularly on hilly groimd, though often plentiful it 
remains stunted. It favours stiff clayey soil, Avhere it often becomes gregarious 
in depressions and round the edges of swamps. It grows freely on black 
cotton soil, though it remains stunted. It is abundant on laterite in some 
localities, though here also it is stunted. 

Lornl distnbution and Jbrest types. Sub-IIimalayau tract. In the sub- 
Himalayan tract Terminalia tomentosa is abimdant in the sal iorests, becoming 
gregarious on flat clayey ground and in graas-covered depressions which 
usually mark the sites of tormer ponds or watercourses and which have 
gradually hlled up. In such places it is probable that the tree acts as a useful 
draining agent, for it is noticeable that sal reproduction eventually makes its 
way into theae areas underneath it. That it is nofc specially partial to badly 
drained clayey groimd, though it is capable of growing there, is shown by 
the fact that it occurs in quantity and shows its best development on weU- 
drained ground. In the sal iorests, besides the sal (Shorea robusta) its principal 
associates are Lagarstroemia parviflora, Terminalia belerica, Adina cordijolia, 
Ougeinia dalbergioides, Anogeissus laiijolia, Stereospenmmi smmolens, Eugenia 
Jambolana, E. operculata, and Buchammia latifolia. 

A special type of torest, in which Terminalia iomeniosa occurs pure or 
mixed with Anogeissus laf,ifolia on rich alhwial ground beside rivers, is a feature 
of some of the submontane torests and is well exemplified in the Gonda district 
of the United Provinces. The evolution of this type is explained on p, 523 
under 'natural reproduction ' and is shown in Figs. 197-200. Fig. 200 gives 
a good idea of the appearance of a crop of this type approaching maturity. 
On rich alluvial groimd of this kind it reaeh.es magnitieent proportions, as 
may be judged from Fig. 196, showing a tree 12 ft. 4 in. in girth and 115 ft. 
high. 

In the Siwahk hills and outer Himalaya it is common and sometimes 
gregarious, often on somewhat poor soil, but here it reaches only a small size, 
In the Himalaya it ascends to about 4,000 ft. It extends westward to the 
Kangra hills, and possibly to a small extent iarther west. 

In the eastern part of the sub-Himalayan tract it reaches very large 
dimensions, for instance in the Tista iorests, where it occurs both in sal forest 
and in low-level mixed forest without sal. In Jalpaiguri it is not plentitul, 
though there are some well-grown trees in the Upper Tondu forest : east of 
this district it is not common, and is more often absent altogether. In the 

N2 
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Bengal Duars it mixes with T. myriocarpa, but farther east the latter replaces 
it largely if not eiitirelj"- 

Ohota Nagpur. In Chota Nagpur the tree is cominon, particularly in 
vallevs and moist localities. On village lands it is very common, and is 
extensively pollarded £or the cultivation of the tasar silkworm. It is a common 
constitueiit of the sal f orests, while in some valleys it occurs along with Bombax 
malabaricum and other species without sal, prohably owing to insumcient 
drainage. 

Cenlral Provinces a nd Berar. Terminalia tomentosa is comnion in deciduous 
torests throughout the greater part of the Central Province,s and Berar ; it 
is a common companion of the sal as well as of the teak. It is plentitul on 
black cotton soil, which many species avoid, but here it is usually srnah. 
It reaches its best development on moist fertile alluvium near rivers, where it 
sometimes tends to be gregarious. 

In the usual mixed deciduous type, in which teak may or may not be 
present, its chief companions are Pterocarpus Marsupium, Terminalia belerica, 
T. Ohebula, T. Arjuna (along streams), Anogeissus latijolia, Ougeinia dal- 
bergioides, Bassia latifolia, Lagerstroemia parviflora, Diospyros Melanoxylon, 
Buclumania latifolia, Soymida febrifuga. Adina cordifolia, Dalbergia 
latifolia, Oleisaiithus Oollinus, Ghloroxylon Sioietenia, Butm frondosa, as 
well as many other apecies of lesa importance. Sometimes a special type is 
found in moist valleys on flat ground where the soil is fair to good and 
often clayey, the chief associates being Gleistanthus Gollinus, Bassia latifolia, 
Anogeissus latijolia, Ougeinia dalbergioides , Buchanania latifolia, ancl a few 
other species. 

Botribay. Terminalia totnentosa is plentitul in most of the forest tracts 
of the Bombaj r Presidency, being perhaps nowhere more abundant than in 
Kanara and in the Dangs forests of Surat ; in parts of the latter forests there 
are sometimes as many as 30 mature trees per acre, while in the Mungod 
high forest of the East Kanara division it forms 23 per cent. of the crop. 
In Kanara it grows better on granite and schist than on laterite. In the 
Deccan it prefers black cotton soil to the shallow soils of the quartzite hills 
so irecpient in that region. It occurs in nearly all typcs of mixed deciduous 
forest, ascending to between 3,500 and 4,000 it. on the Nasik ghats and the 
Khandesh Akrani, but is absent from the laterite of the Mahableshwar plateau. 
It thrives best in the moister localities, particularly in valleys on alluvial 
gromid, becoming gregarious on clayey soil. At the Mgher elevations, in 
exposed situations and on poor soil, it becomes stunted. In the Kanara 
torests, where the number of species is considerable, its most important com- 
panions are teak, Dalbergia latifolia, Lagerstroemia lanceolata, L. parviflora, 
Xylia xylocarpa, Pterocarpus Marsupium, Anogeissus latifolia, Terminalia pani- 
culata, and Adina cordifolia. It shows a marked tendency to oceupy the more 
level ground where the soil is deep and moist. In the mixed torests of some- 
what drier localities it is fouud with teak, Anogeissus latifolia, Lagerstroemia 
parviflora, Bassia latifolia, Ougeinia dalbergioides, Buchanania latifolia, Dios- 
pyros Melanoxylon, Dalbergia latifolia, Cassia Fistula, Phyllantlius Emblica, 
and many other species. 

Southern India. Although not so conimon as in Bombay, the tree is fairly 
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Fic*. 197. TermiMiliu lomenlosa, eataWiahmeut ol pure crops on »lluvial ground, CJondii dis- 
triet, Uaited Provinces : (L) naturul seedlitiga up to 20 it. Liigh ajijiearing on comi>!ir.itively rewut 
iilluvium. 
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Pic. 198. Termiwdia lomailosa, est-iblishment of ijure crops on alluvial ground, Gonda district, 
Unitecl Provinces : (2) natural rcproduction up to 8 tt. high ; older iorest o£ rTerminalia iumentasa 
on older alluvium behind, 
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J;\n;. 100. Ternuwditi tanientom, establisliment of pure erojis on allnvial gromitl, < Jonda 
ilistiirl. (.'nited Prueinees : (:l) young eroji about lfift. liigh; older allurial eroji on Ieft behinil. 
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i'lo. 200. Tenninulia lomcntosii, establishment of jiure erojis on alluyial ground, Gouda 
distriet, United Piwinces : (4) forest ajjjjroaching matnrity. 
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well distributed in Madras, and in some localities it is plentifvil. It is charac- 
teristic of various types of mised deciduous forest, and iu Ganjam is a common 
companion of the sal. It is fairly plentiiul in the Wynaad, and ascends to 
4,200 ft. in the Nilgiris, In Coorg it is one of the commonest species in the 
deciduous forests, and attains very fair dimensions. It is common in many 
parts of Hyderabad and Mysore, and is very common in Travancore vip to 
2,000 ft. 

Burma. TerminaMa tomentosa is common in most of the mixed deciduous 
forests throughout Burma, both in the upper and in the lower mixed types, 
as well as in indaing (clry dipterocarp) forest. It is sometimes found in dense 
evergreen forest, for exainple on alluvial flats along .streams in sorne parts 
of the Upper Chindwin, but here the evergreen has probably encroached on 
a torrner deciduous type of forest. 

In the upper mixed torests, which are fouud on liilly or undulating ground, 
it is characteristic more of the dry than of the moist types, its chief companions 
being teak, Xylia dolabriformis, Acacia Catechu, Sterculia spp., Homalium 
tomentosum, Dalbergia cultrata, Terminalia Chebula, Vite:c glabrata, Pterocarpus 
macrocaipus , Odina Wodier, Adina cordifolia, Anogeissus acuminata, and others, 
and in the drier parts Pentacrae siuwis and Shorea oblusa. The chief bamboos 
are Dendrocalarnus strictus in the driest types, Bambusa polymorpha in the 
moister types, and in intcrmediate types Cephalostachyum pergractte, and in 
TJpper Burma Thyrsostachys OUveri ; Bambusa Tulda often occurs with it on 
alluvial nats. 

It is very plentitul in certain types of lower mixed forest on flat alhwial 
land tending towards dry rather than moist conditions. A case in point is 
the Satpok forest of the Tharrawaddy district, where after teak it is the 
commonest tree, these two species being far more plentitul than any other. 
Although flat, the locality is tairly well drained ; the chief associate species 
are Xylia dolabrijormis, Lagerstroemia Plos-Beginae, Berrya Ammonilla, Adina 
cordijolia, A. sessilijolia, Stephegyne diversifolia, Terminalia Chebula, T. belerica, 
Odina Wodier, Eugenia Jambolana, and Eriolaena Candollei. The raiufall in 
this tract is about 80 in. 

The following figures based on complete enumerations in the Satpok 
forest give some idea of the prevalence of this tree in some of the compart- 
ments : * 

Stock of Terminalia tomentosa trees in certain compartments in the 
Satpok f orest, Tharrawaddy district, Burma. 
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> Working Plan for the Satpak, Sitkwin, ancl Thindawyo .Reserves, Thamwaddy, R. S. 
Troup, 1906, 
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The tree extends into the open scrub forests of the dry zone of Upper 
Burma, but even outside that zone it is characteristic of certain dry types of 
poor open bamboo forest on shallow soil, where the trees attain small diinen- 
sions. This type is exemplified in parts of the Ruby Mines district, where 
the ehief associate species are ,Xylia dolabriformis , Pterocarpus macrocarpus , 
Diospyros burmanica. Acacia GatecJm, Adina cordijolia, Odina Wodier, and 
others, with Terminalia Oliveri in the drier parts ; the chief bamboo is Dendro- 
calamus strietus. In the dry zone proper the rainfall varies from 22 in. to about 
50 in., but it is doubtful if the tree occurs in tracts where it is less than 30 iu. 
The geological forniation consists niainly of soft sedimentary unaltered 
sandstones and shales. Terminalia tomentosa is common, but its growth is 
stunted ; its chief associates are Terminalia Oliveri, Tectona Hamiltoniana, 
Acacia Oateclm, A. leucophloea, Buchanania latifolia. Diospyros burmanica, 
Odina Wodier, Schleichera trijuga, and sometimes Xylia doiabriformis of small 
size. 

A variety with larger leaves and fruits (var. macrocarpa, Kurz) is charac- 
teristic of indaing forest, chieAy on laterite, in association with Dipterocarpus 
tuberculatus. Pentacme suavis, Shorea dbtusa, Melanorrhoea usitata, Buclianania 
lalifolia, Diospyros burmanica, and otber species. Where the soil becomes 
stiff and clayey Terminalia tomentosa becomes the predominating species and 
may form entirelypure crops, often of an open description with a soil-covering 
mainly of grass. 

Leae-sheddiitg, flowee,ing, and PEiriTrNG. In northern India the leaves 
usually commence falling in January or Eebruaiy, and by March or April, 
and in diy places as early as Eebruary, the trees are leailess, though the dead 
leaves sometimes hang on the trees for some time. This is one of the latest 
forest trees to acc^uire its new loliage, and in northern India the new leaves 
only begin to appear about the end of June. Earther south they appear 
about Aiiril— May. Tlie panicled spikes of small whitish nowers appear about 
July in northem India and about May-June tarther south. In the early part 
of the rainy season a forest of Terminalia tomentosa is a beautiful sight with 
the masses of wliitish blossom against the dclicate green of the young toliage. 
Tbe iruits form rapidly, becoming full-sized by about October, though stih 
green ; they remain pale yellowish green from November to January, ripening 
about Eebruary-March. The fruit (Eig. 201, a) has a hard bony axis with 
hve coriaceous wings, and is brown when ripe. The ripe fruit falls chiehy 
from March to May, but many uniipe iruits, usually found to be bitten ofi 
by insects or possibly birds, fall during January— Eebruary, and turnmg brown 
after falhng give the falsc impression of being ripe. Parrots often destroy 
much of the fruit crop prematurely. The ovary is often attacked by a Cyni^JS, 
which prevents the formation of the fruit and produces bunches of galls which 
may be mistaken for truits, though they have no resemblance to the charac- 
teristic winged rruits. 

So f ar as tests show, the percentage of fertility of the seed is comparatively 
low. In a number of tests carried out at Dehra Dun the maximum percentage 
obtahied was only 45, escept in one case in which 78 per cent. was obtained. 
Possibly these poor results are due partly to the difficulty in discriminating 
between good and bad (i. e. prematurely fallen) seed when the fruits are 
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collected from the ground, but in any case this would represent the actual 
conditions so far as natural reproduction is concerned. In seven different 
samples of fruits from northem India the number weighing 1 Ib. varied from 
150 to 250. 

Records of seed-years extending over a series of years in various localities 
show that fair to good seed-years are the rule, though occasional bad seed- 
years occur at varying intervals. 

Germination (Eig. 201, b-e). Epigeous. The hard endocarp of the fruit 
opens slightly and the radicle emerges. The cotyledonary petioles elongate 
by arching and the large foliaceous cotyledons, which are convolute in the 
seed, extricate themselves and unroll. The cotyledons are raised above ground 
by the further elongation of their petioles, from between -which the young 
shoot emerges. 

THE SEEDLIKTG (Eig. 201). 

Boots : primary root moderately long and thick, terete, tapering, brown, 
upper part, immediately below ground-level, swollen, with a characteristic 
bend due to the efforts of the seedling to escape from the hard endocarp of 
the fruit during germination ; lateral roots moderate in number and length, 
hbrous, distributed down main root. Hyjpocotyl distinct from root, 0-2 in. 
long, green, immediately below or on surface of ground. Cotyledons : petiole 
0-8-1-5 in. long, Aattened above, green, pubescent : lamina 1-2-1 -4 in. by 
1—1-5 in., foliaceous, somewhat ileshy, broadly and often obliguely obovate 
orbicular, apex truncate or retuse, base tapering and slightly decurrent, bright 
green, glabrous, with five prominent veins from the base. Stem erect, terete, 
green, tomentose ; nrst internocle, above cotyledons, 1-8-2-5 in., subsequent 
internodes 0-1-0-7 in. long. Leaves simple, exstipulate, alternate, rarely sub- 
opposite, nrst pair not opposite. Petiole 0-1-0-2 in. long, tomentose. Lamina 
1-3-4 in. by 0-8-1-6 in., elliptical ovate or obovate, apex and base acute, 
entire, pubescent or glabrescent above, pubescent beneath, tomentose round 
margin and on principal veins beneath, lateral veins 6-8 pah-s in young seed- 
lings ; two small glands present, one on either side of midiib near base of 
lamina on under surface. 

The cotyledons of T. tomentosa, T. Arjuna, and T. Ghebula are somewhat 
similar, but in the germinating stages the seedlings can be readily distinguished 
by the lengths of the hypocotyls and cotyledonary petioles, thus : 

Cotyledonary petioles short (0-3-0-6 hi.) ; hypocotyl long (2-2-3 in.) — 

T. Arjuna. 
Cotylodonary petioles long (0-8-1-5 in.) ; hypocotyl moderately long 

(0-3-0-6 in.)— T. Chebula. 
Cotyledonary petioles long (0-8-1-5 in.) ; hypocotyl very short (0-2 iu.) — 

T. tomentosa. 

During the nrst season the growth of the seedling is only moderate, 
a height of 4—7 in. being ordinarily attained under natural conditions, while 
even with regular watering and weeding a height of more than 1 ft. is seldom 
reached, though occasionally a height of 18 in. or more may be attained. 
The taproot reaches a length of about 6-10 in. within two months of germina- 
tion. In the subsequent growth of the young plant height is sacrinced to 
a branching or stragghng growth, long branches being produced wliich bend 
over towards the ground, and no dennite upward leader being formed for 
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some time ; this f orm of straggling or bushy growth is characteristic of certain 
other species of Terminalia, e. g. T. Arjuna and T. myriocarpa. 

The seedlings are fairly hardy against drought, but are more sensitive to 
frost. They stand moderate side shade, but are intolerant of heavy overhead 
shade ; in experimental plots at Dehra Dun it was found that few seedlings 
survived heavy shade more than one season, while all succumbed before the 
end of the second season. The cotyledons are subject to the attacks of 
birds, and the seedlings are browsed by deer and cattle and are uprooted by 
pigs. 

In the forest, seedlings of Terminalia tom&ntosa often pass unrecogniaed, 
since the leaves of young seedlings are very different from those of older 
plants, the leaves being much smaller, more pointed, and more conspicuously 
hairy. A characteristic feature of seedlings of the first year is a swelling and 
decided bend where the taproot joins the stem immediately below ground- 
level, at tlie point where the seedling escaped from the hard fruit during 
germination. 

Silvicultural CHABAOTKRS. Terminalia tomentosa is a light-demander, 
and is rapidly suppressed under shade. It cannot be callod exacting as regards 
soil, being foimd on a variety of soils, and sometimes on clry hills with poor 
hallow soil. Although capable of existing on stiff clay better than most 
species it does not f ollow that this type of soil suits it best, f or its development 
on deep well-drained soil is better. 

In years of severe drought the tree has proved decidedly tender. In the 
abnormal droughts of 1899 and 1900 in the Indian Peninsula and 1907 and 
1908 in Oudh it was badly affected, but in the latter case the sal suffered 
more severely than it did. As regards frost, the leaves are readily killed, but 
the damage is often more apparent than real, since the stems frequently 
remain untouched when all the toliage is withered. Young plants are, how- 
ever, often killed back in frosty localities. 

Young plants suffer less than sal from grazing, probably because they 
lose their leaves in the hot season, at which time the sal plants send up succulent 
young shoots. Mr. J, Best * describcs a curious form of growth due to excessive 
graaing in the Bhandara district of the Central Provinces. Considerable areas 
are covered with plants up to 18 in. in height, much branched and stunted 
in growth. On being dug up they are found to have a thick and distorted 
stem at or just beneath ground surface. This stunted growth is attributed 
more to trampling and hardening of the soil than to actual browsing, and it 
is pointed out that on steep hills where cattle do not graze this stunted growth 
is abseut. 

The tree has a deep root-system. It sometimes produces root-suckers 
where the roots are exposed, but as a rule sparingly. Trees up to medium size 
generally coppice and pollard well, but the coppicing power of trees more 
than about 4 ft. in girth is usually poor : stools of this size sometimes make 
a dying effort by producing an immense mass of small coppice-shoots and 
then succumb. In some districts, particularly in parts of Ohota Nagpur, the 
Central Provinces, and elsewhere the tree is regularly poUarded for the growing 
of tasar silk : in parts of Bombay it is extensively lopped for ash manure 

1 Ind. Ibrester, xxxv (1909), p. 612. 
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for crops, while in some localities it is Iopped for cattle fodder. The coppicing 
and pollarding power appears to vary. Experiments carried out in the Chanda 
district of the Central Provinces in 1909 showed that of eleven dirTerent species 
coppiced and pollarded Terminalia tomentosa showed the poorest results under 
either method. As regards coppice, the percentage of stools which produced 
shoots when cut in different months from April to September was : April, 66 ; 
May, 66 ; July, 40 ; August, nil ; September, nil. Coppicing experiments in 
North Khandesh, Borabay, in 1903 showed that 70 per cent. of the trees 
yielded coppice-shoots, 1-9 shoots per stool. Measurements which I made in 
1911 in three coppice coupes one and two years old in the Gonda district, 
United Provinces, showed that out of 17 species Terminalia tomentosa 
showed the largest average numher of shoots per stool in each of the coupes, 
namely 4-7 in the one-year-old coupe, and 4'7 and 2-9 in two coupes two 
years old. 

A curious form of injury very prevalent among trees on the western side 
of the Indian Peninsula from North Kanara southwards to Malahar is that 
known as water-blister. This so-called blister is a ridge-like swelling on the 
side of the tree, apparently resulting from the healing over of a longitudinal 
crack in which sap or water has accumulated, so that when the blister is cut 
into a cjuantity of yellowish fluid is forced out under considerable pressure. 
There may be one or more blisters on a tree. 

Natural bepboduction. The natural reproduction of this important tree 
is not yet fully understood. Considering the comparatively low germinative 
power of the seecl, the wide distribution and relative ahundance of the species 
is remarkable, and points to some cornpensating advantage in its power of 
establishing itself under varying conditions. In forest tracts young seedlings 
may be found in large quantities after a good seed-year, indicating that even 
if a considerable proportion of the seed fails to germinate, the seedlings which 
survive from seed which does germinate are sumciently plentiful. 

Numerous experiments have been carried out at Dehra Dun to ascertain 
the conditions which favour natural reproduction, and so far as they go these 
experiments have shown that germination, which takes place early in the 
rains, is more successful on bare ground than where the fruits are scattered 
on grass or on Iow weeds. Although germination takes place fairly readily 
in the case of iruits Iying on the suriace of the ground, there is a higher 
percentage of success if they are slightly huried, as often happens under 
natural conditions on loose soil during the early showers preceding the rainy 
season. Moisture greatly stimulates germination, and thus the seed may 
germinate freely uncler the densest shade, though the seedlings do not survive 
f or more than one season if the shade is at all heavy. Successful germination 
as weU as establishment of seedlings is possible in the case of fruits lying on 
a layer of dead leaves both in the sun and under shade ; this is not the case 
with sal, which fails to germinate on a layer of dead leaves in the sun, while 
under shade, although germination takes place, the seecuings do not survive 
more than one season where the leaf layer is thick. In a damp sodden growth 
of weeds the seedlings tend to rot during the fir'st rainy season : otherwise 
they are capable of maldng their way through a moderate growth of grass 
and low weeds. 
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itself in soil in which sai fails to survive for want of sufficient permanent 
moisture. On the other hand, a copious rainf all in the year of seeding appears 
to favoiu natural reproduction : thus in the Dehra Dun forests in 1910, 
fohowing a season of abundant rainfah, young seedlings were found in great 
abundance in the ensuing cold weather. 

In connesion with soil moisture it may be mentioned that seedlings of 
Terminalia tomentosa, like those of sal, have been observed to die back in 
dry localities, forming long thick taproots which enable the young plants 
eventually to establish themselves. 

Excessive grazing is a serious menace to natural reproduction. AUusion 
has already been made under ' silvicultural characters ' to a bushy growth 
resulting from excessive graaing in the Bhandara district, Central Provinces. 
In tho Gonda district of the United Provinces, where excessive grazing has 
resulted in a dense undergrowth of Oarissa spinarum with little or no repro- 
ductioii of tree species, the plan was adopted a few years ago of cutting the 
Garissa and with the cut plants forming a thorny fence round coupes recently 
feUed, m order to keep out cattle : the exclusion of grazing combined with 
the admission of light resulted in abundant reproduetion of Terminalia tomen- 
tosa, and provided weed-growth is kept within bouncls its establishment is 
assurecl. 

In the drier types of forest, fire is undoubtedly injurious to natural 
reproduction, but in moist types, such as those of Kanara and Malabar, 
fire-protection tends to oust this and other deciduous species and to replace 
them by shade-bearing evcrgreens. Mr. E. A. Leete, 1 writing in 1900 of the 
reaults of iire-protection in the sal forests of Kheri and Bahraich in Oudh, 
observed that hre-protection had not favoured Terminalia tomentosa repro- 
duction, but the reverse, and that although saplings wlhch originated before 
the days of hre-protection were plentiful, seedling reproduction had come to 
a standstill. Mr. (now Sir SainthiU) Eardley-Wilmot, 2 reierring to these 
observations, noted that the forests in question had passed through three 
stages, namely : 

' Eirst stage. The f orest annually burnt, impossible for seed to germinate 
save in those localities which escaped iires ; in consequence the tree represcnted 
in perfection in low-lying areas and along the drainage lines and banks of lakes. 

' Second stage. The forests protected from fire, the above restriction 
removed and immediate spread of the species over the ruined sal forest. 

' Third stage. Continued protection, recovery of vitality in the sal forest, 
renewed suitabilrty of the soil for sal reproduction, intolerance and deieat of 
other species by the triumphant sal forest.' 

The observation on the third stage undoubtodly bears out the results of 
the preliminary experiments in respect of the light requirements of the young 
plant and its inability to compete with more vigorous vegetation, in this case 
sal. The esplanation of the paucity of Terminalia reproduction in this case 
is no doubt the correct one, namely, that whereas reproduction is favoured 
tay iire-protection, it is prevented by continuous proteetion, wliich favours the 
sal to a greater extent. In such a case the reproduction of Terminalia must 
be lookecl for only in places unsuitable for the sal, and this is in fact the case, 
1 Ind. Forester, xxvi (1900), p. 239. a IUil., p. 377 , ' 
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for it is in low-lying badly drained ground, where sal oannot gain a footing, 
that Terminalia chiehy springs up. 

The fruits fall for the most part before or during the season of fires, and 
this f act has been held to be a preventive of reproduetion owing to the destruc- 
tion of the fruit. In the case of severe nres the germinative power of the seed 
is possibly destroyed, but in the case of light fires it is difficult to believe, in 
the absence of dehnite tests, that the hard endocarp is not a sufficient pro- 
tection to the seecl. 

In some localities, particularly in the Indian Peninsula, the plants assume 
a low bushy growth only a few feet high, which they may maintain for several 
years before they commence to grow up. Haines notes that the ultimate 
stem is a sympodium, arising not from the apex of one of the shoots but from 
a bud lower down. The cause of this bushy growth is not always dennitely 
known, but probably it is due to more causes than one. Escessive grazing, 
and more probably trampling, have already been noted as a cause. Frost 
certainly produces this growth, for it has been noticed to be prevalent in 
frosty hollows where the stems are killed back annually.- Mre and suppression 
are other possible causes, while on the analogy of the dying back of sal this 
abnormal growth may perhaps be due in some cases to want of soil moisture, 
to stitmess or hardness of the soil, or to some other unfavourable soil f actor, 
such as bad soil-aeration. It has been suggested that rich soil and absence 
of wecds may be possible causes of this form of growth ; if this bc the case 
these factors certainly do not always cause it. Mr. P. M. Lushington nientions 
that the pruning of all but the strongest shoot may result in a leader being 
formed. 

Artijtoial ebpbodtjotion. Direct sowings, as well as transplanting from 
the nursery during the tirst rains, before the taproot has reached any great 
length, prove quite successful. In order to ensure regular weeding at small 
cost sowing in lines is preferable to other forms of sowing ; in order to allow 
for inditTerent germination the fruits should be sown fairly close together, at 
intervals of about 6 in., supernuous plants being afterwards transplanted to 
fill gaps in the lines. Line sowings with rleld crops have proved successful 
on an experimental scale, the hnes being kept clear of crops to a width of 
about 2 ft. Pit sowings to fill up blanks have proved successful in Bombay. 
Sowing should be carried out before the early rains, the soil being worked up 
and the fruits lightly covered. As a rule 1 lb. of fruits will suffice for 100-120 ft. 
of line. In the nursery the fruits should be sown not long after they ripen, 
about March-April, and if the beds are regularly watered and weeded the 
seedlings should be ready for transplanting early in the rainy season. In 
Bombay the fruits are sown on a layer of leaves and grass in order to raise 
them from the ground and prevent them from rotting .' the seed germinates 
readily after- a good fall of rain, and the seedlings are easy to lift without 
damage to the root if the sowing is done on leayes. 1 

Mr. R. Bourne informs me that in Malabar he has obtained the best 
results in germination by sowing the seeds in seed-beds divided into squares 
surrounded by small mud walls, so that when the beds are nooded the water 
stands in them for some time. 

1 R, S. Pearsou in Ind. Eorester, xsxi (1905), p. 170. 
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Bombay. Tlie following table lias been compiled from measurements 
based on ring-countings and recorded in liigh forest working plans in 
Bombay : 



Tenninalia tomentosa 
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Note— Moaauroments do not includo bark. Thickness of bark is given as 1-3 m, in the 
North Daugs torosts, aud 1-6 in. in the Sopinhosalli and Yekambi-Sonda iorests. 



1 Measurements by D. A. Thomson. 
3 Measuremenba by P. E. Aitohisou. 



2 Measurements by R. S. Pearson. 

* Moasuremeuts by G. E. Marjoribanks. 



Madras. Bing-countings in the Begur forest (25 trees) and Chedleth 
range forests (77 trees), North Malabar, gave the following results : 

Terminalia tomentosa : results of ring-countings, North Malabar, Madras. 
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(2) Ooppice. United Promnces. Measurements by Mr. C. M. McOrie in 
1910 in sal coppice coupes at Ramgarh in the Gorakhpur district gave the 
following results for Terminalia tomentosa as compared with sal (Shorea 
robusta) : 



TEEMINALIA 

Terminalia tomeniosa : growth of coppice at Panigarh, Gorakhpur, 

United Provinces. 
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The iollowing measurements made by me in 1911 in young coppice coupes 
in the Tikri forest, Gonda, show the comparative growth bi Terminalia tomen- 
tosa and sal : 

Terminalia tomentosa : growth of young coppice in the Tikri forest, 
Gonda, United Provinces. 

Mean heiglit. Average No. of shoots per stool. 

Age. Terminalia tomentosci. ,SaL Tmninalia tomentosa. Sal. 

years. ft. ft. in. in. 

1 8-2 4-7 4-7 2-2 

2 11-2 10-0 2-9 ' 1-7 
2 6-3 7-6 4-7 1-8 

Bihar and Orissa. Measureraents in coppice coupes of various ages in 
the Saitba block, Kolhan, Chota Nagpur, in a somewkat dry type of torest 
on hilly groimd with stony soil, gave the following results : 

Terminalia tornentosa : growth of coppice in the Saitba block, Kolhan, 

Chota Nagpur. 
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Bombay. The following coppice measurements are recorded in the working 
plan for the Karwar fuel reseiwes, West Kanara forest division : x 

Terminalia tomentosa : growth of coppice in the Karwar fuel reseiwes, 
West Kanara, Bombay, 

Age. Girth. Age. Girth. 

yeara. iil. 

11 11-16 

12 11-31 

13 11-69 
15 12-75 
18 17-0 

1 Working Plau for the Karwar Fuel Reserves, Wost Kanara, Bombay, D, A. ThoniBOii, 1904; 
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4. Terminalia Arjuua, Bedd. Syn. T. glabra, W. and A. ; Pentaptera 
Arjuna, Boxb. Vern. Arjun, arjuna, Jcahua, koJia, Hind. ; Savimadat s Mar. ; 
Holematti, Kan. ; Kula maruiha, Tam. ; Thella macldi, Tel. (Eig. 204.) 

A large handsome tree, evergreen or nearly so, with trunk often buttressed, 
a large crown and drooping branchlets. Bark smooth, exfoliating in thiii 
irregular sheets, green when newly exposed, tuming light grey, pink inside ; 
young bark with chlorophyll. The tree resembles T. tomentosa except for its 
srnooth bark, the narrower wings to the fruits, and the fact that it is charac- 
teristic of the banks of streams. It sometimes attains an enormous girth. 
Mr. J. C. McDonnell x records two trees 26 ft. and 32 ft. in girth at 5 ft. from 
ground-level at the village of Manapur in Jammu. 

The wood is brown, very hard, used for building, agricultural imple- 
ments, carts, and boats. The bark is used for tanning, and is much collectcd 
for the purpose in Central India. A sjiiecial blazing instrument is used 
which strips off Aakes of cortex without penetrating to and damagiug the 
cambium, and within two years the stripped patehes are covered with a 
thick new growth of cortex slightly lighter in colour than the original bark : 
if the cambium is injured the wood blackens and no regrowth of cortex takes 
place. 

Distribtjtiow ahd habitat. Terminalia Arjuna is common throughout 
the greater.part of the Indian Peninsula along rivers, streams, ravines, and 
dry watercourses, reaching a large size on fertile alluvial loam. It extends 
northward to the sub-Himalayan tract, where it is locally distributed along 
the banks of streams. It is common in Chota Nagpur, Central India, 
the Central Pro^dnces, and parts of the Bombay and Madras Presidencies, 
extending soutli to Ceylon. It is often planted for shade or ornament 
along roadsides and in avenues. In some localities it has escaped frpni 
eultivatlon along streams, and is doiibttullyindigenous. It is found naturally 
in regions where the absolute maximum shade temperature varies from 
100° to 118° P., the absolute minimum from 30° to 60° ¥., and the normal 
rainfall from 30 to 70 in. ; as, however, its occurrence depends largely on the 
moisture supplied by streams, its distribution is not governccl by climatic 
considerations alone. 

Leaf-shedding, flowerIiN t C4, AN.D fruiti.ng. The tree is evergreen or 
nearly so, the new tbiiage appearing early in the hot season. The panicled 
spikes of small white dowers appear from April to July, and the fruits ripen 
the tollowing Pebruary to May. The fruits (Fig. 202, a) are 1-2 in. long. 
with a hard bony axis and five to seven wings 0-25-0'5 in. broad ; about 
80-110 weigh 1 lb. As in T. tomentosa, the germinative power of the seed 
is often indifferent. The tree Aowers and 1'ruits at an early age : a tree six 
years old Aowered and fruited abundantly at Dehra Dun in 1918. 

Germikatios (Fig. 202, b-f). Epigeous. The hard endocarp of the 1'ruit 
opens slightly and the radicle emerges. The hypocotyl elongates by arching, 
and the large toliaceous cotyledons, which are convolute in the seed, extricate 
themselves and unroll. The hypocotyl straigliteus and still farther elongates, 
carryihg the cotyledons above ground ; at the same time the young shoot 
emerges from between the two cotyledonary petioles. 

1 Ind. Port^ter, xxix (1903), p. 152. 
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Fig. 202. Terminnlia Arjuna — Seedung x f 
a — l'ruit b- f — Germination stages g, h — Development of seecMing to end of first season 
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The seedling (Fig. 202). 

Roots : primary root long, terete, tapering, wiry : lateral roots numerous, 
nbrous, distributed down main root. Hypocotyl distinct from root, 2-2-3 in! 
long, terete or slightly compressed, tapering slightly upwards, tomentose. 
Gotyledons : petiole 0-3-0-6 in. long, nattened above, tomentose : lamina 
0-7-0-9 in. by 1-4-2-2 in., foliaceous, somewhat neshy, renitbrm, much broader 
tban long, apex broadly truncate, base decurrent, entire, green, with three 
conspicuous and two minor veins from the base. Stem erect, terete, pubescent ; 
first internode, above the cotyledons, 1-8-2-2 in., subsequent internodes 
0-2-1 in. long. Leaves simple, alternate, or first pair sub-opposite, exstipulate. 
Petiole 0-2-0-3 in. long, Aattened above, •pubeseent. Lamina 2-4-4 in. long, 
elliptical lanceolate, apex and base acute, widely serrulate, sparsely pubescent, 
or glabrous on the upper suriace, venation sub-arcuate, lateral veins 8-12 
pairs. 

The young seedling of this species is easily distinguished from those of 
T. tomeritosa and T. Ghebula by the length of the hypocotyl and cotyledonary 
petioles (see p. 519). 

The growth of the seeclling during the first season is somewhat faster 
than in the case of T. tommtosa, a height of about 5-12 in. being ordinarily 
attained under natural conditions, and a height of 1 ft. to 1 ft. 9 in. in the 
case of nursery-raised plants. A fahiy long taproot is developed early and 
may attain a length of as much as 1 ft. within two months of germination. 
As in the case of T. tomentosa and T. myriocarpa, the young plant during the 
nrst few years tends to assume a straggling or branching formation, sacrincing 
height-growth to the production of long side branches wliich bend over towards 
the ground. This does not always occur, however, and rapid height-growth 
may take place from the commencement ; thus young tended plants at Dehra 
Dun have attained a height of 6-10 ft., with a basal girth of 5-8 in., in three 
years. In Berar seedlings have reached a height of 1J ft. in two years, and 
at Nagpur they have attained 3 ft. in 2|* years. Growth is stimulated hy 
regular watering and loosening of the soil. 

The seedlings are somewhat sensitive to frost, and are decidedly sensitive 
to drought, both in the germinating stages and subsequently. They grow 
well in f ull simlight provided the ground is moist ; they also stand moderate 
shade, but not dense overheacl shade. In northern India the season's growth 
ceases in November-December and new growth commences about March. 

Silvigultueal CHARAGTBRS. The tree is capable of standing more shade 
than T. tomentosa. It has a more or less superiicial root-system, and relies 
for its moisture chieiiy on the streams whose banks it frecjuents. It is some- 
what tender to frost as well as to drought. Mr. 0. M. McGVie x notes regarding 
the abnormal drought of 1899 and 1900 that many trees along the banks of 
the streams in the Nagpur district died owing to the lowering of the subsoil 
water-level. The tree produces root-suckers and pollards well. Experiments 
in Bombay have shown that it coppices well up to a girth of about 2J ft., 
aiter which the coppicing power is indifferent. 

Natural eepeoduction. Under natural conditions germination takes 
place early in the raiuy season, and may actually eommence with the early 
sliowers before the monsoon proper. Numerous experiments at Dehra Dun, 



1 Ind. PoTeater, xxvi (1900), p 338. 
2 



532 XXVII. COMBRETACEAE 

including plots of grormd kept moist by percolation in order to imitate natural 
conditions, showed that the seed does not germinate readily if exposed to the 
sun, and if germination begins the radicle is very liable to dry up. If tlie 
fruits become partially buried by rain or otherwise germination is much rnore 
successful, while the success is greater on bare soil with a considerable amount 
of moisture, provided the fruits are buried : these conditions ordinarily obtain 
on alluvial ground along streams. A certain degree of shade, particularly 
from the side, assists the establishment of the seedling, but heavy shade is 
inimical. In the forest seedlings are often to be found in large quantities 
where the fruits have been accumulated by the action of streams in loose 
alhwial soil and conditions for gerniination have been favourable. 

AimnciAL keprodt/ction. The plants bear transplanting well during 
the nrst rainy season before the taproot becomes too long. The fruits should 
be sown in the nursery about April-May, covered lightly, and watered regularly. 
Irrigated weeded line sowings have been found succes,sful. 

Bate oi? growth. Few detailed statistics are available regarding the 
rate of growth, but young trees planted at Dehra Dun and well watered have 
grown fairly rapidly. A cross-section from the United Provinces 2 ft. 8-J in. 
in girth, includmg bark, in the silvicultural museum at Dehra Dun showecl 
43 rings, giving a mean annual girth increment of 0-75 in. Trees raised from 
seed sown in 1901 by Mr. Haines in the forest garden at Chaibassa, Chota 
Nagpur, attained the following dimensions in sixteen years : 

(1) Height 40 ft., girth 2 ft. 11 in. 

(2) Height 37 ft., girth 2 ft. S iii. 

(3) Height 37 ft., girth 1 ft. 8-£ in. 

Measurements in coppice coupes in Bombay showed that a height of 12 ft. 
and a girth of 10 in. may be expected in six to seven years. 

5. Terminalia myrioearpa, Heurck and Muell. Arg. Vern. Pcmisaj, Nep. ; 
Hollock, jlialna, Ass. 

A very large evergreen tree Avith pendulous branches. Bark greyish 
brown, rough, exfoliating in vertical Aakes. Wood dark brown, hard, used 
for house-building, eanoes, cheap lurniture, and other purposes. The tree 
attains very large dimensions. Mr. Jacob J records one tree in the Iiaidak 
valley over 30 ft. in girth, and two trees close together in the Chirrang valley 
roughly 36 and 27 ft. in girth. Babu B. N. De 2 recorcls a tree 46 ft. 4 in. in 
girth round buttresses in the Lakhimpur district, Assam. 

Distbibtttion and habitat. Eastern Himalaya from Nepal eastwards, 
in valleys ancl lower liills up to 5,000 ft., Assam, hills of TJpper Burma. It is 
very plentilul in some localities, often coming up in gregarious patches on 
newly exposed ground, torming pure even-aged groups underneath which 
evergreen species appear. Mr. Jacob notes that it is very common in Bhutan 
ujD to 3,000 ft. and is found up to 4,000 ft. Mr. Milroy 3 reports that in thc 
Abor couutry it is the predominant tree on the lower hills, whcre trees of 
12 and 14 ft. girth are conimon, and still larger ones up to 18 and 20 ft. are 
not scarce ; he adds that although the trees are apt to be short in the bole 

1 Eeport on the Foresta of Bhutan, 1912. "- Ind. Forester, xliv (1918), p. 517. 

a Report on tho Forest Besources of thc Abor Ooimti^y, 1012. 
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Fig. 203. Tenninalia myriocarpa — Skedling x 5 
a — Fruil b-d — Germination stages e-i — Development o[ seedling to end of fivst season 
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and much branched a great cpiantity of clean thnber could be extracted from 
them. 

Terminalia myriocarpa is essentially a tree of moist situations and rieh 
soil, ancl in Assam is often found associated with Biscliojjia javanica-. In its 
natural habitat the absolute maximum shade temperature varies from 90° to 
102° F., the absolute minimum from 33° to 45° F., ancl the normal rainfall 
from 80 to 200 in. or possibly more. 

Flo\vering akd eruitin-g. The panicles of small pink nowers appear 
in Oetober-November and the fruits ripen from March to June. The fruits 
(Fig. 203, a) are small and light, 0-1-0-15 in. long, light yellowish brown, with 
a pair of lateral membranous wings, the whole 0-4-0-5 in. in width. About 
4,000 to 4,500 weigh 1 oz. The germinative power of the seed is fairly good, 
tests at Dehra Dun showing a fertility of 63 per cent., wliich for a small light 
seecl is not unsatisfactory. Seed-year records show that the tree seeds well 
as a rule every year. The trees are a very handsome sight when coverecl 
with masses of pink blossom or yellow fruits. 

Germination (Fig. 203, b-d). Epigeous. The thin radicle emerges from 
one end of the winged fruit and the cotyledons from the other ; the hypocotyl 
cjuickly elongates, carrying above ground the cotyledons, which expand in the 
meantime,-and the young shoot emerges from between theni. 

The seedling (Fig. 203). 

Roots : primary root moderately long, terete, tapering, wiry : lateral roots 
numerous, hne, nbroua, distributed clown main root. Hypocotyl distinct from 
root, 0-5-0-8 in. long, thin, terete, cylindrical, tomentose. Gotyledons : petiole 
0-1-0-15 in. long, nattened above, pubescent : lamina 0-1-0-2 in. by 0-15- 
0-3 in., foliaceous, reniform or sub-orbicular, broader than long, apex truncate 
or retuse, base tapering, entire, glabrous or minutely pubescent. Stem erect, 
terete, green or red, rusty tomentose ; internodes 0-2-0-7 in. long. Leaves, 
first pair opposite, small, subsec|uent leaves larger than first pair, alternate, 
exstipulate. First pair with petiole 0-1 in.'long or less, tomentose, lamina 
0-4-0-5 in. by 0-15-0-2 in., elliptical lanceolate, apex and base aeute, entire 
or obscurely serrate, glabrous or sparsely pubescent above, sparsely pubescent 
beneath. Subsequent leaves with petiole 0-1-0-3 in. long, tomentose, lamina 
0-1-2-S in. by 0-4-1 in., elliptical lanceolate, acuminate, base acute, serrate, 
pubescent, venation arcuate, lateral veins 6-10 pairs, nearly reaching the 
margin ; later leaves of the lirst season with glands at the base. The serrate 
leaves of the seedling are interesting ; the adult leaves of this species, and of 
the whole order, are entire. 

In its early stages the seedling is minute, and is apt to be washed away 
by rain before it gains a footing. It develops rapidly, however, and attains 
a height of about 4-8 in. or more by the end of the tirst season. As in the 
case of T. tomentosa and T. Arjuna, the young plant has a tendency to produce 
long straggling branches in place of a detinite leader, but in spite of this its 
height-growth after the first season is rapicl. Sixteen plants grown at Dehra 
Dun had a height of 4 ft. S in. to 7 ft. 3 in. by the end of the second season, 
ancl 10 to 15 i't. by the encl of the thircl season. 

tSiLVicuLTUitAL CHARAOTERS. The tree bears a fair amount of shade and 
is exacting as regarcls moisture. It is not known to produce root-suckers. 

Natural reproduction. The ideal conditions for successful r-eprodue- 
tion are a loose porous soil free from weeds, in order to enable the small light 
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iruit to reaeh the soil and the germinating seedling to establish itself quickly, 
and a fair amount of soil moisture. The light fruits tend to be washed into 
keaps and the minute seedlings are also liable to be washed away, considerable 
mortality resulting. The young seedlings are apt to dry up if exposed to the 
sun, and beneht by a certain amount of shade ; they are also apt to die off 
in quantity on stiff water-logged soil, and good drainage appears to be 
necessary for their establishrnent. The young crop often tends to come up 
gregariously, where conditions are favourable, on newly exposed ground or 
fresh alhwium. 

Aetieicial REPEODtrcTiON. Direct sowings are unsuitable, as the small 
light fruits are liable to be washed away. Experiments at Dehra Dun showed 
that the hest results are attained in fme porous sandy soil in boxes or in well- 
raised beds protected from sun and heavy rain ; watering should be f requent 
but light. Germination ordinarily starts in two or three weeks and may 
continue for about three months. The plants transplant well during the first 
rainy season when 3 to & in. high. 

6. Terminalia Catappa, Linn. Syn. T. procera, Roxb. Indian almond. 
Vern. Badam, Beng. Known in the Andamans as ' white bombway ', a cor- 
ruption of the Burmese banbwĕ. (Gareya arborea). 

A large handsome deciduous tree with whorled brancbes and large glabrous 
leaves wliich turn red before falling in the hot season. Bark smooth, grey, 
stem often buttressed. The tree is a native of the Andamans and adjacent 
islands and of the Malay Peninsula, in coast forests. It is extensively planted 
in tropical India and in Burma, particularly round monasteries, both fox 
ornament and for the sake of its fruits, the kernels of which are eaten. 

In the Andamans it is common in the littoral forests on raised beaches 
and deposits of sea-sand above high tide, assooiated with Calophyllum Jno- 
•phyllum, Afzelia Irijuga, Tltespesia populnea, Heritiera, Utioralis, Erytlmna 
indica, Sterculia spp., Pongamia glabra, Odina Wodier, Hibiscus tiliaceus, and 
Pandanus iectorius. It also extends into the padauk f orests, where it is connned 
to sandy soil as a rule not far from the sea, or to dihwial deposits formed of 
detritus brought down by streams in flood. 

The whitish tlowers, in axillary spikes, appear i'rom Eebruary to May, 
and according to Bourdillon again in October-November (Travancore).. The 
fruits ripen in June-July (also January, Bourdillon). The fruit is a yellowish 
ellipsoidal drupe, somewhat compressed, 1-5-2 in. long, with a porous iibrous 
to neshy pericarp and a hard endocarp enclosing the edible seed. The fruit 
is adapted for chssemination by water, the thick husk of porous tissue rendering 
it buoyant. The tree is easily raised from seed, the fruits being sown in the 
nursery about July and the seecUings transplanted during the iollowing rainy 
season. The tree grows best in a moist tropical climate. 

7. Terminalia, paniculata, Roth. Vern. liindal, hinjal, Mar. ; Hulve, 
honal, bili-matti, Kan. ; Pulavdi, 'oenmarudu, pumarudu, Tam.. ; Nimiri, pula- 
maddi, Tel. 

A large to very large deciduous tree. Bark 0-4-0-6 in. thick, dark brown, 
rougb, with numerous shaUow longitudiual and transverse hssures. The lower 
part of the bole is often much iluted. Heartwood light brown, very hard ; 
wood usecl chieny for planking, agricultural implements, and canoes, but not 
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quite so much iu demand as that of T. tomentosa. The bark contains muoh 
tannin. 

The tree reaches considerable dimensions. Mr. H. Tireman records one 
13 ft. 3 in. in girth measured in the Coorg forests : large trees, however, are 
usually unsound inside. It attains a height oi 100 ft. under favourable 
conditions. 

Distbibution AaSTD habitat. The tree is found in the western regions 
of the Indian Peninsula from Bombay southwards, and in southern India. 
In Bombay it is one of the commonest trees of the North Kanara mised 
deciduous forests, its most important associates being teak, Dalbergia latijolia, 
Pterocarpus Marsupium, Terminalia tomentosa, Lagerstroemia lanceolata, and 
Xylia xylocarpa. It is rare on the Deccan trap and absent from the Dangs 
and Satpuras. It extends southwards through South Canara aud Malabar to 
Travancore, and occurs in the Nilgiris, Anamalais, and other hill ranges of 
southern India. In Coorg it is most plentiful and attains its largest dimensions 
in the deciduous forests of the ghats ; it is also found throughout the eastem 
forests, but here it reaches smaller dimensions. Throughout its region it is 
often the most plentiful species of the mised forests. Bourdillon says it 
is probably the commouest tree in Travancore, often formiug 50-60 per cent. 
of the trees in the cleciduous forests up to 2,000 ft. elevation. It is also the 
commonest timber tree of the Nilambur valley in Malabar and of some of the 
Kanara forests. 

The tree is most frequently foundin valleys ancl onlower slopes, preierring 
fairly moist situations. It requires a well-draiiied soil, and is not found on 
water-logged ground, thus diilering f rom T. tomentosa. In the Western Ghats 
it grows equally well on the laterite soils at the foot of the gliats and on the 
decomposed crystalline rocks of the slopes. 

In its natural habitat the absolute maximum shade temperatui'e varies 
from 95° to 102° F., the absolute minimum from 55° to 65° ¥., and the nornial 
rainfall from 40 to 180 in. or more. 

Floweeim"g and FRuiTiisre. The Aowering season appears to vary. 
Brandis gives it as August to December, Taibot (Bombay) as August to Septem- 
ber, and Bourdillon (Travancore) as July to December, one Aowering suceeeding 
another. Mr. H. Tireman informs me that in Coorg he has observed it in 
Aower in April-May. The Ilowers are small ancl white in rusty-pubescent 
panicled spikes. 

The fruits, which ripen from December to May, are brick-red, 0-25-0-5 in. 
long, with one Iarge wing about 0-5-0-75 in. broad and two smaller wings ; 
about 100-120 fruits weigh 1 oz. 

Silvicultubal CHARAOTERS. The tree stands rather rnpre shade than 
T. tomentosa, saplings and poles being found coming up in small gaps ; it will 
not, however, stand heavy shade, and may be regarded as a light-demander 
rather than a shade-bearer. Frost is unknown within its region, and prolonged 
drought seldom if ever occurs. The tree coppices well up to a moderate size. 

Natubal bbproductioh'. The natural reproduction of this tree is as 
a rule plentiful, though the conditions innuencing it recraire further study. 
In many places the moist deciduous forests of Kanara are gradually changing 
towards the evergreen type as a result of fire-protection, and the natural 
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reproduction of this and other deciduous trees is reported to be suffering in 
consequence, though it is plentiM near cultivation and along the sides of 
roads where heavy weed-growth is kept down. Mr. Tireman notes that in 
the Coorg ghats it probably owes its existence to nres, as the deciduous forest 
is almost certainly due to the hmri cultivation which has killed all the ever- 
green trees whieh must formerly have covered the locality. This would 
f uither indicate that newly exposed ground, such as that obtained by shiiting 
cultivation, is a favourable ractor, as it is in the case of light winged seeds 
and fiuits in general. 

Eate op growth. The following table shows the rate of growth in 
cliarneter, based on the results of ring-countings recorded in working plans of 
the North Kanara district, Bombay : 

Tcrminalia paniculala : growth in diameter in high forests of the North 
Kanara distriet, Bombay. 
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1 Moasurements by I). A. Thomson. s Measnremeiits by 11, S. Pearson. 

3 Measurements by P. E. Aitchison. 

As regards coppice, the iollowiug measuremcnts by Mr. H. A. Gass in 
the Kadike block of the Soutli Canara distriet, Madras, were recorded in 
1S98-9 : 

Termimlia paniculala : coppice measurements, South Canara. 
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Fig. 204. Temimlia Arjuna, Bombay. 
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Fi'u. 205. Anogtis&us laUjolia, Dehra Dun, Unitecl Provinces. 
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S. Torminalia bialata, Steudel. White chuglam (Andamans). Vern. Lein, 
Burm. ; GJiugalam, And. 

A large deciduous tree of Burma and the Andamans, reaching a lieight 
of 100 ft. In Burma it occurs in the upper mixed deciduous forests along 
with teak and its associates, and probably also in the lower mixed forests. 
In the Andamans it is one of the chief species in the semi-deciduous forests 
associated with Pterocarpus dalbergioides (padauk), Lagerstroemia Jiypoleuca, 
Bombax insigne, Sterculia spp., Albizzia Lebbek, and others. It also occurs 
sornetimes in the evergreen dipterocarp forest. It nowers in the rainy season 
(Brandis) ancl the fruits ripen in the cold season (Kura) ; ripe rruits have been 
received from Burma in February. Mr. C. G. Rogers x says that numbers of 
germinating seeds were seen in the Andaman forests in the month of May, 
and that the large proportion of this species, inclucling saplings and poles, in 
the standing crop points to its being better able to reproduce itself naturally 
than the other trees associated with padauk. The wood of this tree is strong, 
elastic, straight grained, and of goocl quality, and it is likely to become an 
important timber when better known. 

Another tree known in Burma as lein is common on the plains 01 Pegu, 
where it is of comparatively small size with a bushy form of growth. This 
is probably T. pyrifolia, Kurz, which, according to Brandis, merits careful 
study in the forest, as to whether it is really a distinct species ; its size and 
mode of growth are certainly ditterent from that of the larger ancl cleaner- 
stemmed T. bialata. 

9. Terminalia 01iveri, Brandis. Vern. TJian, Burm. 

A moderate-sized deciduous tree with smooth greenish grey bark and 
a somewhat irregularly shaped and olten channelled stem. It attains a height 
of 40-50 ft. and a girth of 4-5 ft., but on poor ground it is stunted. The 
leaves are only 1-5-3 in. long, and turn red before falling in the hot season. 
The fruit is five-winged like that of T. tomentosa, but much smaller. The 
woocl is a good fuel and the bark is illicitly used to adulterate cutch. This 
tree is very common in the dry zone of Upper Burma in tracts where the 
rainfall varies from 22 to 40 in. and the soil is often poor and shallow. It 
extends from the Magwe and Yamethin districts in the south to about 23-|° 
N. lat. in the Ruby Mines district in the north. It is one of the hiost charac- 
teristic trees of the dry open forests associated with Acacia Gatechu, A. leuco- 
phloea, Tectona Iiamilioniana, Diospyros burmanim, Terminalia tomentosa, 
Pentacme suavis, and other species. Towards its northern limit in the Ruby 
Mines district it occurs in dry open forest on poor shallow soil, its chief 
associates being Diospyros hurmanica, Yilex pubescens, Pterocarpus macro- 
carpus, Anogeissus acuminata, Xylia dolabriprmis, Tmninalia tomentosa, Acacia 
CatecJm, and others, with bamboos, chierly Dendrocalamus strictus : the trees 
are of small size. Towards its southern limit in the Magwe and Yamethin 
districts it occurs in dry forest of a similar type, which may be regarded as 
a transition between the scrub forests of the dry zone and the upper mixed 
deciduous forests occurring outside tiiat zone. 

1 Eeport on the Bxploration of tlie loresta of tlie South Andiunan and otlier Islands, 1906, 
para, 23. 
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2. ANOGEISSUS, Wall. 



This genus contains three well-defined Indian species ; A. sericea, Brandis, 
which occurs in parts of the Central Provinces and in tlie Panch Mahals, is 
possibly not distinct irorn A. acuminata, Wall. The fruit is small, dry, two- 
winged, termhiating in a beak f ormed by the persistent calyx-tube ; the 
iruits are clustered in small globose heada. One of the chief peculiarities of 
this genus is the hhertility of the seed, in spite of which natural reproduction 
often appears in great quantity, resulting in the case of A. latifolia and 
A. ypmdula in gregariousness. This question is discussed in dealing with 
A. latifolia ; it has been suggested that fertile seed is produced in quantity 
only in certain years, and that the cause of this is climatic. 

Species 1. A. latifolia, Wall. ; 2. A. pendula, Edgw. ; 3.A. acuminata, 
Wall. 

1. Anogeissus latiMia, Wall. Syn. Conocarpus latifolia, DC. Vern. 
DJiawa, dliau, dhawa, bdlcli, Hind. ; Dindal, dinduga, Kan. ; Vdlay naga, 
Tam. ; CUriman, Tel. '(Pig. 205.) 

A ]noderate-sized to large deciduous tree with a somewhat feathery 
rounded crown and drooping branchlets. Bark thin, smooth, greenish or 
greyish white, exfoliating in irregular thin rounded scales which leave shallow 
depressions ; the outer layer contains chlorophyll. The bark sheds rapidly, 
and rings of paint often disappear within two or three years of being 
applied. 

The tree seldom attains very large dimensions, a girth of more than 6 ft. 
not being common. Mr. T. Carr recorded a sound tree 9 ft. 3 in. in girth in 
the Sarda range of the Haldwani forest division, United Provinces. A cross- 
section without bark in the suvicurtural museum at Dehra Dun measures 
8 ft. 9 in. in circumference ; this was cut from a tree in the United 
Provinces. 

The wood, wlhch is hard, very strong, and tough, is used for cart-axles, 
shoulder-poles, axe-handles, turniture, agricultural implemeuts, poles and 
rafters, boat-building, and other purposes. The leaves are rich in tanniii, 
and are collected for tanning purposes ; the bark is also used for tanning, and 
yields a guni much used in calico-printing. Apart i'rom its economic uscs 
the tree is usefnl silvicultur£illy in clothing dry lhll-sides, and is an important 
constituent in certain dry types of forest. 

Distribution and habitat. Throughout the sub-Himalayan tract and 
outer hills from the Ravi to Nepal, ascending to 4,000 ft., Bihar, Chota Nagpur, 
Central India, and southwards throughout the greater part of the Indian 
Peninsula, ascending the hills of southern India to 4,000 ft. ; also in the dry 
country of Ceylon. Not iu eastern Bengal, Assam, or Burma. 

The tree is characteristic of deciduous torests, usually of a dry type, but 
is also commoii in sal forest and in other types of moderately moist torest. 
In the outer Himalaya it often marks a distinct zone towards the upper limit 
of the low-level species, at about 2,500-4,000 ft. ; here it is gregarious, iorming 
almost pure crops or mixed with Bauhinia retusa and a few other species. 
Iu the Siwalik hills it occurs gregariously in the same way on sandstone and 
conglomerate, the chief species associated with it being Buchanania latifolia, 
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Ougeinia dalbergioides, Terminalia iomeniosa, Wendlandia exserta, and Pinus 
longijolia. In tlie submontane forests of the Himalayan region it is often 
abundant, both in certain types of sal f orest and in mixed forest without sal. 
A very common companion is Terminalia tomentosa, and on alhwial nats near 
streams the crop sometimes eonsists eiitirely of tliis species and Anogeissus ; 
here the trees attain large dimensions. 

In Chota Nagpur it is very common, especially on the drier hills, often 
growing more or less gregariously. In the hills of Central India it is likewise 
plentiful in some localities. In Gwalior it often forms an underwood in 
BoswelUa forests. In the Central Provinces and Bombay it is a common 
constituent of the mixed deeiduous forests, where it is at times gregariOus, 
among its chief companions being teak, Terminalia tomentosa, Lagerstroemia 
■parviflora, Ougemia dalbergioides, Diospyros Melanoxylon, Gassia Fistula, and 
PhyUanthus Eniblica. 

In Bombay it is one of the commonest trees above ghats, particularly in 
Belgaum and Kanara ; on the eastern (Dharwar) side of the North Kanara 
1'orest division it forms nearly pure crops over considerable areas. In the 
Madras Presidency it is perhaps more abundant than it is anywhere else, 
particularly in the sonth-east, in Madura and in Thmevelly, where it may 
form as much as 50 per cent. of the crop 011 the upper dry slopes of the 
hiils. It is plentiful in the eastern torests of Coorg, in many parts of 
Mysore and Hyderabad, and in the dry deciduous forests of Travancore up 
to 4,000 ft. 

Generally speaking it avoids moist regions, but on the other hand it does 
not extend into the driest parts of India, being absent from Sind and rare 
in Ajmer-Merwara : in the drier regions of ita habitat it is usually stimted 
and crooked, thongh this condition is often due in part to flre and maltreat- 
ment. It grows on a variety of geological formation,s, including sandstone, 
limestone, metamorphic rocks, trap, and laterite : it attains its largest dimen- 
sions, however, on deep alluvial or dihwial soil. It avoids swampy and badly- 
drained ground, and requires good drainage. In the naturai habitat of the 
tree the absolute maximum shade temperature varies from 102° to 118° F., 
the absolute minimum from 30° to 60° F., and the normal rainfall from 25 
to 90 in. 

Leai?-sh:eddi:n-g, plowebing, and ^BUiTiNG. The leaves turn a coppery 
red to reddish brown about ISTovember, and in the colcl season the trees are 
very conspicuous with their deep red toliage. The leaves ±'all chieily iu 
Pebruary, the trees remaining leaAess until April-May, when the new foliage 
appears. The insignincant greenish yellow ilowers, in small globose heads, 
appear from June to September according to locality (August-September 
towards the northern limit of the species). 

The small dry indehiscent fruits (Fig. 206, a), crowded in globose heads, 
are 0-15-0-25 in. in diameter, compressed, with a narrow wing on each side, 
yellowish brown, fairly hard. About 3,000-3,500 weigh 1 oz. They ripen 
from December to March, fall soon after ripening, and may be found scattered 
over the groimd round the trees irom February-Maroh onwards. 

As a rule bhe tree seeds abundantly every year, but the fertility of 
the seed is usually very poor ; this question is considered under ' natural 
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reproductiou '. Pertility tests can probably best be carried out on shaded 
well raised and watered beds of loose sand and gravel, as explained under 
' artincial reproduction \ 

Gebmination (Fig. 206, h). Epigeous. The radicle emerges from the 
extremity of the fruit and descends. The hypocotyl and the cotyledonary 
petioles elongate, raising the cotyledons above ground. The shell of the fruit 
encloses the cotyledons for a time, talling with their expansion. 

The seedling (Fig. 20G). 

Itoots : primary root long, moderately thick, terete, tapering, woody or 
wiry : lateral roots few to moderate in number, short, nbrous, distributed 
down main root. Hypocotyl distinct from root, 0-1-0-3 in. long, terete or 
slightly compressed, minutely pubescent. Ootyledons : petiole 0-5-0-9 in. long, 
hnely pubescent, often red : lamina 0-2-0-4 in. by 0-35-0-6 in., toliaeeous, 
much broader than long, apex truncate or retuse, base tapering, entire, glabrous 
above, minutely pubescent beneath, green, often red beneath, prominently 
3-veined from the base. Stem erect, terete, wiiy, pubescent, often reddish ; 
internodes 0-1-0-8 in. long. Leaves, iirst two sub-opposite or alternate, some- 
times abortive and 0-1-0-2 in. long, subsequent normal leaves alternate, at 
first small, successively increasing in size. Stipules absent. Petiole up to 
0-1 in. long. Lamina 0-4-2-8 in. by 0-3-1-1 in., elliptical ovate, acute or 
acuminate, mucronate, base acute, eiitire, glabrous above, glabrescent or 
minutely pubescent beneath, especially on the veins, margins hnely oiliate, 
venation arched reticulate, veins olten reddish on under surtaee. 

Tlie growth of the seedling is only moderate, a height of 4-8 in. being 
ordinarily attained by the end of the nrst season. The taproot attains a length 
of 1S in. or more in the same time. The seecllings suffer a little irom frost, 
but the damage is not as a rule serious, aud extends only to the wilting of 
the leaves. In dry localities the seedlings may clie back annually for some 
years before they rinally shoot up. 

Silvicuxtit.bal caiARACTEBS. The tree is a decided light-demander, though 
it cau stand a slight amount of shade in early youth. Although it grows in 
dry types of f orest it is sensitive to drought, and sutTered. much in the abnorinal 
droughts of 1899-1900 in the Indian Peninsula and of 1907 and 1908 in Oudli : 
in the clry years froni 1911 to 1914 in Jodhpur many young coppice-shoots 
dicd back and thc stools did not recover. As regards its susceptibility to frost, 
Brandis notes that in January .1.870, on the borders of Pertabgarh, south-west 
of Nimuch, he founcl it hacl. been injurecl a goocl. deal. It may, however, be 
1'ound hourishing in grass-covered frosty blanks where tcnder species could not 
exist, f or example on the flat land tringing the Siwalik hills aloug with other 
frost-hardy speeies sucli as Stereospeitnum suavolens, Ougeinia dalbergioides, 
and Acacia Gatechu. It caimot theretore be eonsidered a very irost-tender 
speeies. It is less susceptible to damage by browsing than many other species, 
even goats being not very partial to it. It suffers from fire, and in severely 
burnt areas it becomes gnarled and hollow. It produces root-suckers. lf 
out at the right season of the year it coppices and pollards well in most 
localities, but in experiments carried out in North Chanda, Central Provinces, 
in 1909, of trees pollardecl only 16 per cent. produced pollard-shoots, while 
in the case of trees coppiced in different months the percentage of stools 
which produced coppice-shoots was: (1) April, 92 ; (2) May, 100; (3) June, 50; 
(4) Juty, 50; (5) August, nil; (6) September, nil. Tbis shows that coppicing 
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in the rainy season is unsuccessful. In an experimental coppice area in North 
Khandesh, Bombay, in 1903, the percentage of felled trees which yieldecl 
coppice-shoots was 60, the numher of shoots per stool varying from 2 to 7. 
In experiments carried out by Mr. E. Marsden in the TJnited Provinces pol- 
larding was found to give better results than coppioing for the production 
of young leaves and twigs for tanning ; the hest season for pollarding was 
found to he not later than March, and the best results were ohtained irom 
hranchy trees, girth being of less importance than branchiness for the pro- 
duction of numerous shoots. 

Nattjral reprodttction. The natural reproduction of this tree is not 
yet fully understood. Seedlings come up naturally, often in abundance, on 
uewly exposed well-drained ground on stony hill-sides, on landslips, on aban- 
doned cultivation, on open grassjr areas as well as on alluvial ground. Repro- 
duction is always best, liowever, where tlie drainage is perfect, dense crops 
of saplings appearing on the well-drained. slopes of hills and on sandy or 
gravelly soil. Light is undoubtediy an important f actor in the establishment 
of natural reproduction, which is often plentiful in open gaps and bare places, 
but the Bombay experiments described below under ' artincial reproduction ' 
would indicate that shade and moisture are f avourable to successf ul germina- 
tion. Absence of weed-growth is also favourable, for the seedlings are very 
intolerant of suppression by weeds, and it is noteworthy that good reproduction 
has been observed to spring up on burnt areas, though its ultimate establish- 
ment is favoured by protection from fire and excessive grazing. 

The want of fertility of the seed does not accord with the fact that 
reproduction often springs up in dense masses on well-drained hill-sides, and 
Mr. Bj. S. Pearson 2 has advanced a theory to esplain this fact. Having noticed 
in the Panch Mahals that reproduction appeared in even-aged lnasses differing 
from each other by dennite inteiwals of years, as determined by counting 
rings on cut seedlings and saplings, he ascertained that the years in which 
reproduction took place were those following on years of dehcient rainfall. 
He smmised therefore that whereas under normal conditions the tree produces 
little or no fertile seed, the production of fertile seed is stimidated by years 
of drought. This theory is well worth following up by fertility tests of seeds 
carried out annually for a series of years, ineluding seasons of good and of 
dehcient rainlall, the results so obtained being supplemented by comparative 
observations of the state of reproduction in the forest. 

Mr. A. K. Desai 2 notes that seedlings sprang up in great abundance on 
rlat grass-covered ground in the Panch Mahals as a result of the opening out 
of the forests by the removal of dead timber killed by the drought of 1899-1900. 
If Mr. Pearson's theory be correct, the production of fertile seed as a result 
of the drought might be considered to be the main f actor which induced this 
reproduction. 

Mr. H. Tireman 3 remarks on the profuse reproduction of Anogeissus 
which springs up and establishes itself in the Coorg forests on the removal, 
after burning, of the dense groAyth of lantana which infests them. The 
germination of the seed is evidently favoured by the clean bare soil under 

1 Ind. Porester^ssAiii (1907), p. 231. 2 Ibid., xsxiv (1908), \x 15. 

3 Ibicl, xlii ( 1916), p. 390. 
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the lantana, and the rapid growth of the seedlings, when the lantana is 
removed, is stimulated by the absence of grass for the first year or two and 
the fact that the lantana enriches the soil. 

Aetificial eepeodttction. The fruits require to be collected when the 
heads commence to hreak up, and not before. The infertility of the seeds 
is a serious drawback to artificial reproduction, and if the theory just referred 
to holcls good the best results would seem to be obtaiuable after dry years 
when a 1'ertile crop of seed is obtained. Under ordinary conditions the 
iniertility of the seed would preclude any .great success by direct sowings, 
though in years of fertile seed-production they should prove successful on 
well-di'ained porous ground. Many years ago Mr. Haines carried out successf ul 
sowings on heaps of loose earth and rubble at Chaibassa, Chota Nagpur. 
Mr. Pearson x notes that he obtained successful germination in the Panch 
Mahals, Bombay, by sowiug the seed on well-irrigated raised beds, the soil 
being mixed with a large cpiantity of coarse sand ; the seed was sown in June 
and lightly watered by hand every day. Germination commenced after about 
twenty clays ; it was successful only where the beds. were well shadecl by 
a thick covering of leaves and branches some 18 in. above the ground ; under 
this shacle a large mass of seedlings came up, whereas in beds exposed to 
the sim hardly any seecl germmated. Seedlings can be transplanted without 
dimculty. 

Silvicttltural treatmest. At present this tree is worked only as 
a component species of inisecl iorests, either as coppice-with-standards or 
imder selection and improvement fellings, when, however, it is frequently cut 
out in the interests of more valuable species such as teak or sal. 

As the leaves and bark give promise of furnishing valuable tanning 
material, it is not unlikely that some system will have to be devised betore 
iong for working this species for the production of regular supplies of bark 
and leaves. The young tender leaves and shoots are richest in tannin. Short 
rotation coppiee, or some modihcation of it, suggests itself, though the best 
method remaius to be discovered by experiment. Meanwhile the following 
experiment carried out in Central India is of interest : 

A trial coupe of 6 acres on the slopes of the Sharda Devi hill, about 
2| miles from Mailiar in Central India, was coppiced in January 1916, about 
1,500 trees lnwing been cut to ground-level, leaving rounded stools. The 
trees were all small and badly shapecl. The yield obtained from these was : 
Dry leaves . . .31 maunds (of approsimately 82 Ib. each). 

Dry bark . . .41 maunds. 

Dry fuel . . .214 maunds. 

Within two months of cutting, strong shoots of a bushy growth appeared, 
covered with iresh leaves rich in tannin. The nrst tlush of leaves was collected 
and weighed 3 maunds. The method of working proposed in this tract is to 
continue the colleetion of the fresh leaves from the coppice-shoots for two 
or three years and then to leave one strong shoot on each stool to develop 
into a pole before any further coppicing is carried out. Eresh new leaves are 
fouucl to be produeed on the young coppice-shoots very soon after the shoots 
have been stripped of leaves. 

1 Incl. l^orester, xxxi (1905), p. 637. 
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. The following programme of pollardiiig and plueking ha.s been adopted 
tentatively in Ceutral India : 

Ootober, November, Dectomber : collection of old leaves, only green leaves 

being suitable. 
January, lTebruary, March : pollarcling and collection of twig bark, once 

in three years. 
April, May, June : collection of sumach (young leaves) once a month ; 

this is the raost important crop. 
July, August, September : continued eollection of suniaeh if dryiug 

arrangements are possible. 

Eatji or gbowth. The following ligures are available oi' girtii ineasure- 
ments in sample plots in higli forest : 

Anogeissi.is latijolia : girth increment in high iorest sample plots. 
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yorne of these iigures probably under-estimate the rate of growth actually 
attainable, since all these plots are in sal iorest, and their main ohject is to 
estimate ths rato of growth of sal ; henoe iu thinned plots dominant accessory 
species would he cut out, and the increment ngures woulcl refer to dominated 
or suppressed trees. Trees raised frorn seecl sown in 1901 by Mr. Haiues in 
t he f orest garden at Chaibassa, Chota Nagpirr, attained the f ollowing dimen- 
sions in sixteen years : 



Heigiit. 
ft. 
3o 

284 
29" 
28 
29 



tlirtli. 

ft. in. 

I 104 

1 10|- 

1 6|- 

1 04 (half auppressecl) 

1 -31- 



The annual rings are tolerably cleaT. Gamble's specimens gave an average 
oJ 7 rings per ineh of raclius, or a mean annual girth increment of 0-9 in. 
A cross-section in the silvicultural museum at Dehra Dun, measuring 8 ft. 9 in. 
in girth without bark, had 176 rings, giving a mean annual girth increment 
of 0-6 iu. 

Measurements of natural saplings in the Pauch Mahals, Bombay, recorded 
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by Mr. Pearson, 1 give some idea of the rate of growth in youth : the ages were 
deterinined by ring-countmgs on the stumps of felled saplings. The measure- 
ments are as ioIIows : 

Anogeissus latijolia : rate of growth of natural saplings, Panch 
Mahals, Bombay. 

Remai-ks. 

Thcse measurements are of 
dominant plants ; verysmall plante 
of tlie same age were also met with. 



The following table siiminariKes the available results of measurements in 
coppice ooupes : 

Anogeissus latifolia : rate of growth of coppice. 

Mean girth and lieight in cMerent localitieB. 
Saitba block, Gorakhpur, Tikri, 

Kolhan, Bihar Dehra Dvm U.P. Gonda, Bhandara, N.Khandesh, 

ancl OriKsa (A. P. Broun, (C. M. McCrie, U.P. C.P. Bombay 

1886). 1910). (1911). (1912-13). (190;».* 

height. girth. hcight. girtli. height. height. height. height. 

in. ft. in. ft. ft. ft. ft. 

S 6-2 2-5 



12-0 



2. Anogeissus pendula, Edgew. Vern. Dlwhra, Ajmer-Merwara ; Kardhai, 
Central India. 

A small tree with a short usually crookcd bole, readily distinguished from 
A. lalifolia by its smaller leaves and graceful slender drooping branches. In 
exceptional cases the tree reaches a height of 30-40 ft. and a girth of 5 ft., 
but ordinarily the height is about 20 ft. ancl the girth 2-3 ft., the stem branching 
at a height of about 4-5 ft. 

Tlie bole yieids little or no timber, but poles cut from the branches are in 
demand for building and other purposes. The leaves contain tannin, and thc 
tree has possibilities as a producer of sumach. In the dry regions in which it 
occurs this is an important tree, not only as a source of timbcr and f uel, but 
also for clothing dry tracts. 

DiSTKiBUTioar ant> habitat. Tlie tree has a decidedly hmited distribu- 
tion. It extends from the Aravalli Ihlls in Rajputana to Bundelkhand, and 
from the Kishengarh state and the Jhansi, Hamirpur, and Banda custricts of 
the United Provinces on the north to the ISTerbudda in Nimar and the Panch 

1 Ind. Porester, xxxiii (1907), p. 234. 
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Mahals in the south. It is esaentially a tree of the dry hot regions ; within 
its natural habitat the absolute inaximum shade temperature varies from 
115° to 120° F., the absolute minimum from 30° to 38° F., and the normal 
rainfall from 17 to 35 in. 

The tree is typically gregarious, sometimes forming pure forests and 
sometimes oceurring in mixture with a few other apecies. In the Araralli 
hills of Rajputana, Ajmer and Merwara, which consist of metamorphic and 
sub-mĕtamorphic rocks — chierly gneiss, schist, slate, and quartzite with 
occasional limestone and trap — it often f orms almost pure f oresta of consider- 
able extent, usually occupying the lower and more gentle slopes. The ridges 
and upper slopes are occupied mainly by Boswellia serrata, below which and 
extending to the foot of the hills Anogeisaus pendula occurs, particularly if 
the soil is good. Where the slopes are gentle this tree may extend to the hill- 
tops ; where the soil is poor it is replacecl by Acacia rupestris. Besides the 
two species mentioned, its more important associates in this region are Acacia 
Catechu, Albizzia odoratissima, Dalbcrgia lanceolaria, Dichrostachys cinerea, 
Bauhinia racemosa, and Grewia spp., while on the level ground below the 
Anogeissus forests the prevailing species is Zizyphus Jujuba. 

In the Jhansi districtthe tree forms practically pure forests on q_uartzite 
ridges, other species such as Diospyros Mdanoxylon, Acacia Catechu, Zizyphus 
Xylopyrus, Bauhinia^racemosa, Odina Wodier, and Butea frondosa being 
occasionally scattered with it. The trees here are small and badly shajied, 
though the forest is often we.ll stocked. Another type of forest in this district 
is that occurring on undulating to hiliy ground on a gneiss formation ; here 
Anogeissus pendula occurs in pure patches or in mixture with A. latijolia and 
Acacia Catechu, while the other species previously mentioned occasionally 
make their appearance. 

Leap-shedding, eloweking, and iTitriTiKG. The leaves, which are green 
throughout the rainy season, turn a beautiM reddish brown colour in the cold 
season and commence faliing in January, the trees becoming leatless about 
March and remaining so until about May-June, when the new foliage appears. 
The small dower-heads, about J in. in diameter or less, appear towards the 
end of the rainy season. The iruits (Fig. 207, a) ripen December-January ; 
they are small, winged, and nearly orbicular, about 2,700 weighing 1 oz. The 
tree fruits abundantly nearly every year, but the germinative power of the 
seed, like that of A. latijolia, is usually poor, though tests carried out.at Dehra 
Dun gave a higher percentage of fertility than in the case of A. latijolia. 

GEBMiNATioisr (Fig. 207, 6). Epigeous. The radicle emerges from the 
extremity of the 1'ruit and desccnds. The hypocotyl elongates, raising the 
cotjdedons above ground. The shell of the 1'ruit encloses the cotyledons at 
first, and falls with their expansion. 

The seedllng (Fig. 207). 

Roots ; pr.imary root ldng, thin, terete, wiry : lateral roots moderate in 
number, short or moderate in length, tibrous, distributed down main root. 
Hypocotyl distinct from root, 0-5-0-6 in. long, terete, minutely tomentose. 
Cotyledons : pebiole 0-1 in. long or less : lamina 0-15-0-25 in. by 0-35-0-55 in., 
ioliaceous, reniiorm, much broader than long, truncate or slightly retuse, base 
truncate or slightly lobed, entire, green, glabrous. Stem erect, terete, wiry, 
tomentose ; internodes up to 0-5 in. long. Leaves simple, nrst pair usually 

2307-2 p 
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opposite or sub-opposite, subsequent leaves alternate, exstipulate. Petiole 
less than 0-1 in. long. Lamina 0-2-1 in. by 0-1-0-5 in., ovate, acute or acuminate, 
mucronate, entire, glabrescent above, pubescent on veins beneath, gland- 
dotted. 

SnwictrLTtrRAL charactebs. The tree stands a fair amount of shade in 
youth, but as saplings appear in quantity in open gaps it seems to require 
a good deal of light f or successful development. It is frost-hardy, but suffers 
severely from drought in abnormally dry years : in the famine of 1892 in 
Ajmer the branches of the trees were extensively Mlled, but new shoots were 
produced from the stem. The tree coppices and pollards well, but the growth 
of the coppice-shoots is slow. It produces root-suckers freely. 

tLyttjeal e,beeoductiok. The factors wliich affect natural reproduction 
recjuire further study. Heproduction by root-suckers is often plentiful, but 
seedling reproduction is also f recmently good. Like A . latijolia the tree tends 
to regenerate in even-aged masses, and this would indicate that the theory 
put forward with regard to that species, namely that the production of fertile 
seed in coiantity takes place only after years of scanty rainfall, might apply 
eaually to A. pendula. In 1913 seed was sown at Dehra Dun along a ridge of 
loose earth and also in the trench from which the earth was dug. No seed 
germinated on the ridge, but several seedlings appeared in the loose alluvial 
soil accumulated in the trench ; none of these, howei^er, survived the rainy 
season, being killed by an excess of moisture. Dehnite conclusions cannot be 
drawn from this solitary experiment, but it might be inferred that, as in the 
case of A. latifolia, shade, or rather protection from a hot sun, is favourable 
to germination, and also that tlie seedlings eannot tolerate an excess of 
moisture. 

iSilvicoltural treatment. ."Pbrests of Anogeissus pendula are at present 
treated either under coppice-with-standarcls or under improvement fellings 
for the removal of old badly shaped trees over promising young natural crops. 
A coppicc rotation of twenty years in Ajmcr has been found to be too short 
for the production of material of a useiul size. In the Jhausi lorests Mr. J. 
Whiteheadbas suggested that after a provisional period of improvement lellings 
the most suitable method of treatment, in view of the teudeiicy of this tree to 
come up in even-aged masses, would be to regenerate in even-aged crops 
under a shelterwood. 1 

Ratb of gkowtii. A cross-section 3 ft. 2 in. in girth, in the siMcultural 
museum at Dehra Dun, shows 42 rings, representing a mean aunual girth 
increment of 0-9 in., which is fairly fast. This does not accord with observa- 
tions in the forest, at all events in the case of young plants, whose growth is 
decidedly slow. Coppice-shoots likewise grow somewhat slowly, particularly 
in the earlicr years. In Ajmer shoots seven years old had a height of 7-8 ft. 
and a girth of 3-4 in., while shoots eight years old had a height of 10-12 ft. 
and a girth of 4-7 in. 2 

3. Anogeissus acuininata, Wall. Yern. Ghakwa, Beng. ; Pasi, Tel. ; Y6n, 
Burm. 

A large haudsome deciduous tree with a tall straight bole and graceful 

1 Woridng Plan for the JTorests of the Jhansi and Banda Distriota. 1911. 

2 Ajmor-Merwara Working Plan, 1909. 
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drooping branches. Bark dark grey, in Burma often covered with small 
globular pustules. The tree is variable. In Burma Kurz distinguishes two 
varieties: var. 1. genuina, with densely pustular bark, frequent in the mixed 
f orests all over Burma ; and var. 2. phillyreaefolia, with smaller leaves, and 
bark more or less destitute of pustules, restricted to the savannah and swamp 
forests of the alluvial plains of Prome and Pegu, and extending to Upper 
Burma. Haines distinguishes three varieties in Chota Nagpur, of which 
complete material is wanting, 

The wood is moderately hard, but is inf erior to that of A . latifolia ; it is 
not clurable, and warps and cracks in seasoning. 

Distribution ahd i-iabitat. The tree is found in limited cpiantity in 
Chota Nagpur (Singhbhum district), estending southward through Orissa, the 
Northern Circars, and the Chanda district, Central Provinces. It is found 
typically along the banks of strearns on aUuvial ground. It occurs in the 
Chittagong hill tracts, and is a common forest tree througkout the greater 
part of Burma, extending to the borders of the dry zone. In Burma it is 
frequent not only along river banks, but also in the upper rnixed deciduous 
f orests with teak and its associates. It is, howevcr, perhaps most plentiful in 
the lower mixed clecicluous f orests of the plains, along with Dillenia pentagyna, 
Terminalia tomentosa, T. belerica, T. Chebula, ScMeichera trijuga, Odina Woclier, 
Dalbergia cultrata, Vitex gldbrata, Eugenia Jambolana, Adina cordifolia, 
Stephegyne diversifolia, and in the better drained localities teak, Xylia 
dolabriprmis, and Homalium tommtosum. It extends into lbw-lying swampy 
ground, and is one of the most characteristic species of the rreshwater swamp 
forests of the plains, which are inundated cluring the rainy season. It is, 
however, not conmied to moist localities, but is common in certain dry regions, 
for example in the Ruby Mines district, where it occurs in open diy forest on 
somewhat poor shallow soil, the trees being of small size ; here it is associated 
with T&rminalia tomentosa, Acucia Catechu, Diospyros burmanica, Vitex 
pubescens, Pterocarpus macrocarpus, and others. 

In its natural habitat the absolute maximum shade temperature varies 
irorn 100° to 115° E., the absolute minimum from 40° to 55° ¥., and the normal 
raintall from 35 to 120 in. or more. 

Leae-shedding, elowering, and itrditing. In Burma the tree is leahess 
for a short time in the hot season ; the nowers appear in Eebruary-March, 
and the fruits ripen in April-May, talling as soon as they ripen. In Chota 
Nagpur, according to Haines, the liowers appear in March-April aucl the fruits 
commence ripening in April. About 1,100 to 1,800 of the fruits weigh 1 oz. 
The seed, like that of other species of this genus, is very unfertile. No fewer 
than flfteen tests under different conditions were carried out at Dehra Dun 
in two separate years with samples of seed irom three diffeient localities in 
Burma, and in no case clicL a single seed germinate. 

Nattjral reprodtjction. Notwithstanding the imfertile nature of the 
seed, natural reprocluction of this tree in Burma is often very good, young 
plants sometimes forming dense even-aged thickets, particularly on alluvial 
gromid in places where the fruits have been washed into heaps along with silt. 
In the case of A. latifolia it has been suggested that fertile seed is produced 
<only in certain years, probably tollowing on seasons of dencient raintall. 

P2 
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Although it is possible that in the case of A. acuminata the production of 
quantities of tertile seecl niay take place only in certain years, the reason for 
this cannot be any deSciency of rainfall, since this does not occur throughout 
the greater part of its habitat in Burma. 

3. LTJMNITZERA, Willd. 

Luinnitzera racemosa, Willd. Vern. Kirpa, Beng. ; Yinyĕ, Burm. 

An evergreen shrub or small tree of the mangrove swamps along the 
coasts of India and Burma, an account of which is given on pp. 496-500. 
It extends also into the tidal f orests behind the mangrove swamps, occurring 
chietly on the banks of streams. The wood is hard and durable, ancl is used 
for house-posts and for fuel. Fiowers March-April ; truits September (Talbot). 
Its root-system is superhcial, the roots bending out of the mud in the form of 
knees for breathing purposes. 



ORDER XXVIII. MYRTACEAE 

An important orcler containing some uselul Indian trees (Eugenia, Gareya) 
and a number of iutroduced species, mainly of the great Australasian genus 
Eucalyptus, several of which have become thoroughly acclimatized in India. 
Among trees and shrubs yielding eclible fruits may be mentioned Psidium 
Guayava, Linn., the guava, introduced from tropical America aud grown all 
over India, Eugenia Jamhos, E. Jambolana, and other species of Eugenia, 
and Rhodomyrtus tommtosa, Wight, the hill gooseberry of the Nilgiris. Many 
of the species have aromatic and coriaceous leaves, and exhibit xerophytic 
characters, as seen for example in the pendulous leaves of Eucalyptus. Their 
silvicultural requirements vary considerably even in ditlerent species of the 
same genus. Of those which thrive in moist and even swampy ground may be 
mentioned Baningtonia and several species of Eucalyptus 'ancl E-ugenia, while 
other members of the last two genera are found on dry poor ground. Of 
hardy tire-resisthig species characteristie of burnt savannah lancls, the most 
important are Careya arborea and Eugenia opereulata. Many of the members 
of this order coppice with great vigour. 

Genera 1. Eitgbnia, Linn. ; 2. Eucalyptus, L'Herit. ; 3. BarrinOtTONIa, 
Eorst. ; 4. Caeeya, Roxb. ; 5. Planohonia, Bl. 

1. EUGENIA, Linn. 

This genus is probably richer in tree species than any other Indian genus. 
Brandis (Indian Trees) enumerates no tewer than 79 species, chietly trees, 
with a few shrubs ; of these 76 or 77 are indigenous. They are nearly always 
evergreen, with gland-dotted often coriaceous leaves, which with rare excep- 
tions are opposite. The fruit is a one- or few-seeded berry, often succident, 
sometimes nearly dry. The great majority of the speeies are moisture-loving, 
and are found in moist localities, often in evergreen forest, wliile several grow 
along the banks and in the becls of streams. E. formosa, Wall., a large-leaved 
species with ternate leaves up to 18 in. iong, often grows in the beds of perennial 




Fig. 208. Eugenia Jambolana 011 bank of stream, Unitecl Provinees. 
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streams with its roots permanently in water. E. Heynearm, Wall., a willow-like 
shrubby species, grows in the beds of streams, and is often immdated for 
a considerable periocl dnring the rainy season. E. Jmnbolana, Lam., and others, 
sometimes grow under similar conditions. Some species, on the other hand, 
grow in dry types of forest and exhibit xerophytic tendencies. Thus E. Jainbo- 
lana itseli is the most characteristic tree of the dwarf evergreen formation 011 
the laterite of the Mahableshwar plateau, Bombay, while the variety caryo- 
phyllaefolia, Lani., of the same species, is found on dry hills in Chota Nagpur. 
E. grandis, Wight, occurs on dry ridges in Upper Burma. 

Several species of this genus are rare or local, and on the whole the trees 
are, with one or two exceptions, not of great iinportance in Indian torestry. 
By far the most important generally is E. Jambolana^, Lam. In the sal f orests 
of northern India, E. opercidata, Boxb., is a useful species from a silvicultural 
point of view. 

Species I. E. Jambolana, Lam. ; 2. E. operculata, Roxb. ; 3. E. Jambos, 
Linn. 

1. Eugenia Jambolana, Lam. Blackplum. Vern. Jdman, Hind. ; Jambul, 
Mar. ; Nerlu, Kan. ; Naml, Tam. ; Ne.re.du, Tel. ; Thabyĕ, Bunn. (Eig. 208.) 

A large evergreen tree with a dense shady much-branched crown of shining 
dark green 1'oliage and uaually a rather crooked bole. Bark up to 1 in. thick, 
light to dark grey or brown, tairly srnooth, with shallow depressions caused by 
exf oliation, ■ red inside. Wood moderately hard, 1'airly durable, used for 
common building, agricultural implements, weU curbs, and other purposes ; 
an excellent fuel. This is an important forest tree, and is also largely planted 
on roadsides and in gardens for shade or ornament and for the sake of its 
edible 1'ruits. It is variable as regards the shape of the leaves and the size and 
shape of the nowers and the fruits. 

Sometimes it reaches a very large girth : Mr. J. C. McDonnell * records 
one 20 ft. 6 in. in girth by the Saruinsar lake, Jammu. 

Distbibtttion and habitat. Common throughout India and Burma, 
except in the most arid regions. Also in the Andamans, Ceylon, the Malay 
Archipelago, and southward to Australia. In the Himalayan valleys it ascends 
to 4,000 ft. or sometimes more, and in the Nilgiris to 6,000 ft. It is found in 
a variety of situations, but most typically along streams and in damp and 
even marshy localities, where it is often gregarious (see Eigs. 209, 211). In 
the Indian Peninsida a variety with narrow leaves is very common on alluvial 
sand or loam in the beds and along the banks of watercourses which are 
often dry for several months in the year. The tree is, however, by no means 
connned to very moist situations. It is a common constituent of the sal 
forests. It is the commonest species of the stunted evergreen forest on the 
laterite of the Mahableshwar plateau in the Bombay Presidency, forming 
roughly 50 per cent. of the stock and associated with Actinodajihne Hookeri, 
Memecylon edule, Elacourtia Bamontchi, Terminalia Ghebula, Olea dioica, and 
CantMwm didymnm. The plateau is exposed, the ground olten rocky, and the 
soil shallow, while the rainfall is heavy (over 200 in.), most of the rain falling 
in July and August ; the trees seldom grow more than 25 ft. high, and have 
short thick boles and low flat crowns. 

1 Ind. Forester, sxix (1903), p. 152. 
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The narrow-leavecl variety, caryophyllaefolia, Lam., is mentioned by 
Haines * as being very common in dry open iorest on the hills of Singhbhum, 
Palamau, and Manbhum ; this variety, as noted below, exhibits the xerophytic 
eharacter of dying back in the seedling stage. 

In Burma the tree occurs in various types of mixed deciduous forest, 
both upper and lower, in tropical evergreen f orest, and in indaing (dry diptero- 
carp) forest on laterite, here again occurring in a xerophytic environment. 
In Travancore it is common on the Peermerd plateau at 4,000 ft., and else- 
where in the evergreen tbrests of the iiills (Bourdillon). 

In its natural habitat in India and Burma the absolute maximum shade 
temperature varies from 95° to 118° F., the absolute minimum from 28° to 
65° E., and the uormal rainfall from 35 to over 200 in. 

LBAF-si-iEDDi3sro, tjloweeing , and feutting. The leaves usually com- 
mence falling about January and continue iulling during Pebruary and March. 
The new leaves, which are coppery red in colour, appear in Eebruary-March. 
In dry localities the trees become ahnost, if not quite, leahess for a short time 
early in the hot season. Sometimes trees with large quantities of blossom 
become almost learless. 

The panicles of small greenish white sweet-scented ilowers appear chietly 
from March to May . The fruit (Fig. 210, a), wliich ripens from June to August, 
is an oblong-obovoid or sub-globosc juicy berry, 0-5-1 in. long, or larger under 
cidtivation, purplish-black, smooth and shining when ripe, with a thin skin 
and a pink succulent rlesh, which is edible though somewhat astringent. The 
seed (Eig. 210, b) is 0-4-0-8 in. loug, shaped like the iruit, or two to five angular 
and irregularly shaped seeds are compressed together into a mass resembling 
a single seed, the whole enclosed in a sub-coriaceous covering. 

The germinative power of fresh seed is high, but the seed very quickly 
loses its vitality. The fruits fall as soon as they ripen ; they are eagerly 
devoured by birds and dying foxes, and the seed is spread by their agency. 

G.eemin"ation (Pig. 210, c, cl). Hypogeous. The covering enclosing the 
seeds quickly rots off, ieaving the green interior (cotyledons), which usually 
breaks up into two or moi:e portions, from each of which a seedling is pro- 
duced ; usually two or three, sometimes four or even hve, seedlings emerge 
from onc fruit ; the cotyledons reniain in or on the ground. 

The seedling (Pig. 210). 

Boots : primary root moclerately long and thick, terete, tapering, wiry : 
lateral roots numerous, moderately long, hbrous, distributed down main root 
or often crowded at its base. Hypocotyl very short and scarcely distinguish- 
able, subterranean. Gotyledons irregular in shape and size, angular, rleshly, 
green, subterranean. Stem erect, quaclrangular, green or pinkish, glabrous ; 
internodes 0-2-1-2 in. long. Leaves simple, exstipulate, first fcw often abortive, 
0-1-0-2 in. long, sometimes alternate or sub-opjDosite, subsequent normal leaves 
opposite. Pctiole 0-1 in. long or less, channelled above. Lamina 0-7-2 in. 
by 0-4—1 in., ovate, obovate or elliptical, apex acute or sometimes obtuse, base 
acute, entire, glabrous, coriaceous, aromatic when erushed. 

The development of the seedling is slow during the first season, but under 
favourable conditions is more rapid cluring the second and subsequent years. 

1 For. l^lora Chota Nagpur, p. 351. 
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In the case of the normal moisture-loving variety seedlings are very sensitive 
to drought if exposed to the sun, mortality comrnencing as early as September 
or Octobcr, and being particularly common during the subsecpient hot season. 
Even under shade, seedlings have been observed to die off on ctry ground. Soil 
moisture, inclced, appears to be of more importance than shade, since seedlings 
develop well even if exposed to the sun, provided the soil is kept moist. Uhder 
natural conditions, however, or where watering is not carried out, shade is 01 
great beneht in preventing the desiccation of the soil and the death of the 
seedlings. 

A striking instance of the value of shade occurred in eonnexion with 
experimental line sowings at Dehra Dun. Two lines of Eugenia Jamholana, 
1|- f't. apart, were sown early in the rains along a clear strip 3 ft. wide, with 
the object of ascertaining the value of this species as a nurse to sal, a line of 
which was sown between the two lines of Eugenia. The strip ran from north- 
west to south-east, and on either side of it lield crops (lesser millet) were 
sown ; these field crops grew rapidly and attainecl a height of 3£ it. by the 
end of the rains. The clirection of the strip was such that one line of Eugenia 
received shade from the sim from midday onwards, while the other line was 
exposed to the sun. The seed germinated along both lines, and the seeclLings 
developed well during the rainy season. On the sunny line, however, kigh 
mortality from drought occurred in September-October, and continued to 
some extent subsecmently, the result being that whereas the shady Hne con- 
tinued to be well stocked with vigorous seedlings, very few plants survived 
until the following rains in the parallel line esposed to the sun. Fig. 212 
shows the appearance of the two lines a year after sowing. 

In the case of var. caryophyllaejolia, Lam., I have noticecl nuraerous 
seedlings in Singhbhum in open Mll forest, growing on the driest ground in 
situations exposed to the sun ; these seedlings, like those of rnahy other 
species in chy localities, were observed to have died back annually for some 
years in their early stages, new shoots having been sent up each year from the 
base or from lateral buds. This great dissimilarity in the habit of this form 
from that of the normal seedling lends colour to Haines's suggestion as to this 
form being a separate species. 

The scedling is capable of struggling weU amongst weeds, but its develop- 
ment suilers. Weeding and watering, partieularly the former, have a niarkecl 
effect on its growth and vigour. On stiff soil the development is poor. Where, 
as is trecpienily the case, the seedlings are in dense masses, the more vigorous 
individuals rapidly suppress the more weakly plants. The seedlings are some- 
what 1'rost-tender, particularly on grassy gromid, where they are frequently 
kiiled back. The season's growth continues mitil November-Deoernber, new 
growth eommcncing in Eebruary or March (northern India). The taproot 
reaches only a moderate length during the fixst season, showiug greater develop- 
ment during the second year, when it attains a length up to 2 ft. or more. 

The tollowing measurements, made in experimental rjlots at Dehra Dun, 
give some indication of the dimensions attained by yoimg plants under different 
conditions : 
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Eugenia JamMana : development of seedlings, Delira Dun. 

Height and other partioulara at end of season. 
Condition unclcr ■\yMc1i grown. u , , 

° lst season. 2nd aeason. 3rd season. 

(1) Nursery plants wsitered and Masimnm Oft. i|-in. 
weeded 

(2) Irrigatecl smrings, firi] sun- Masimum Oft. AJin. ft. 4 in.-4 ft. 1 in. Maximum 8 ft. in. 
light, weeded ' (dense mass of strong 

thick-stemmed plants) 

(3) Irrigated sowiags, full sun- Masimum ft. 6 in. ft. 3 in.-l ft. 3 in. ft. 8 in.-3 ft. 1 in. (con- 
light, unweeded dition soinewhat poor) 

(4) Unirrigatedsowings.tullsun- MiixhmimOft. lOJin. ft. 7 in.-3 ft. 8 in. 
Iight, weeded (vigoTous, the larger 

suppressing the 
smaller) 

(5) Unirrigatedaowings.iullsmi- Masimum ft. 6 in. ft. 6J in.-O ft. 10 in. 
light, unweeded 

(6) Unirrigated sowings, in par- Masinmm 0ft. 4J -in. Maximum 2 ft. 3 in. 
tial shade, weedcd 

(7) Unimgated sowings, in par- Maximum ft. 5 in. Masimum 2 ft. in. 
tial shade, weeded 

(8) Transplants. in partial shade Maximum ft. 3 in. Masimum 1 ft. 6 in. ft. 11 in.-2 ft. 7 in. 

Nos. 2 to 5 demonstrate the great value of weecling. Kg. 213 shows 
Nos. 2 and 3 during the second season ; the ettect of weeding, as shown on 
the Ieft of the staff, is very marked in comparison with the unweeded piot on 
tke right of it. 

Silvicultueal oiiARACTBES. Eugenia Jambolana is a shade-bearer, 
particnlarly in youth ; dense masses of yonng plants may be found eoming 
np under moderate shade near streams and in other moist places, while seed- 
lings and saplings are often fonnd nnder shade in sal ,f orest and other types of 
forest. Although somewhat frost-tencler in youth, it is hardier later, and in 
the abnormal f rost of 1905 in northern Jndia it was not much affected. In the 
abnormal drouglit of .1907 and 1908 in Oudh it proved to be hardy in the 
sal 1'orests, but along streams and in swamps it sutTered when the water dried 
np. Jt is not readily browsed by cattle. 

The tree possesses remarkable coppieing power, shoots being produced 
in large cpiantities, chielly round the periphery of the cut suriace of the stool : 
large stumps as well as small ones produce shoots as a rule. Rgs. 209, 211, 
and 215 show the appearance of pure coppice on rich alhraal land, subject to 
inunclation in the rainy season, along the banks of streams in the Grorakhpur 
clistrict, Unitecl Provinces. At an age of four years, with a height of 15 ft., 
there are often more than thirty shoots on one stump, more than half of them 
being usually dominant. The soil recmirements of the tree have already been 
alluded to ; they are sam.ewh.at eontraclictory, though the differences appear 
in some cases to coincide with well-marked botanical varieties. 

Natural reprodtjction. The iruits fall in quantity under and around 
the parent trees early in the rainy season ; the seeds are washed into heaps 
by the rain, germination cpaickly taking plaee on moist ground and in pools 
of mucl. Eaoh fruit may procluce from one to four or even five seedlings 
chistered together, and the seedlings often appear in dense masses. : this is 
particularly the case on alhraal ground, where as many as 100 seedlings about 
6 in. high to the scpiare foot have been counted after the end of the rainy 
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.FrG. 211. Eugenia Jambolam coppice 30 ft. high in process of being felled 
on swampy ground, Gorakhpur district, United Provinces. 
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Pig. 212. Eugenki Jambolana, li.ne sowings in second year, showing beneiicial 
eHect of side shade, Dehra Dun. Line on left (a) expo.sed to the sun f or a considcrable 
part of thc day, with the resrdt that nearly all the plants have died of drought : line 
on right (b) recoives side shade for most of the day, with the result that there has 
been littie or no mortality from drought. 
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season on aandy alluvium. Fig. 214 shows profuse growth of seedlings at the 
end of the nrst season. Sometimes two or three tiers of seedlings of diSerent 
years may be found under the same seed-bearer, showing to what an extent 
the young plants will stand shade. Seedlings often occur sporadically in the 
forest where there are no seed-bearers in the neighbonrhood, the seed having 
been disseminated by the agency of birds. The necessity for soil moisture in 
tlie establislnnent of natural reproduction and the mortality which takes 
place on dry ground, even under shade, have already been noted under ' the 
seedling ' ; indeed, the value of shade appears to lie niainly in its power of 
preventing desiccation of the soil. 

The exceptional case in which natural seedlings of var. caryop7tyllaefolia 
establish themselves on dry hilly ground aiter dying back for some years in 
succession has already been alluded to : possibly this may also be found to 
be the case with seedlings growing on laterite. 

Arteetcial eepkoduction. So far as experiments show, clirect sowing is 
preferable to transplanting, since there is usually a considerable proportion 
of 1'ailure during transplanting, in spite of precautions. Of the forms of clirect 
sowing tried so far, line sowings kept regularly weeded liave proved the most 
successful, but it is essential that the soil should be kept moist, and where 
irrigation cannot be carried out, shade is necessary. This can be effectecl by 
means of narrow cleared and well-hoed lines under the shade of an overwood 
or cut through low growth, so as to retain shade ancl at the same time allow 
of regular weecling : sicle shade is of more importance than overhead shade. 
The seed should be sown early in the rainy season, as soon as it ripens. 

Sowings of Eugenia Jambolana to fill open grassy or other blanks have 
been repeatedly tried, but they have almost iiwariably resulted in failure 
except along the edge of the surrounding f orest, where side shade is obtained 
from the sun. 

For transplanting purposes the greatest success is obtained by sowhig 
in baskets, two or three seecls in each, and retaining the healthiest seedling in 
each basket. The baskets are kept well watered under moderate shade, and 
are planted out during the second rains. For forest purposes transplanting 
should usually be done uiider shade unless the ground is permanently moist. 
Roadside trees usually recjuire watering in dry weather for the lirst year or 
two. Transplanting from nursery beds recmires care, as the seedhngs do not 
stancl much exposure of or injury to the roots. Natural seedlings in the forest 
can be transplanted successfully in moist places or under shade. 

Silvictjlttjral teeatment. lu the forest the tree is ordinarily treated 
as an accessory species and worked along with other species in coppice coupes 
or in selection fellings. In private forests on alluvial ground along river- 
banks in parts of Oudh, pure erops of this species are worked very successfully 
as simple coppice for the production of poles (see Figs. 211 and 215). The 
rotation is usually a short one, about 10-15 years, or sometimes less, and 
judging by the density of the crops the yield must be high : these areas are 
grazed, but the eattle do not appear to damage the coppice-shoots to any 
extent. 

Rate op geowth. (1) HigTi forest. The following statement gives a 
summary of available girth measurements in high forest sample plots : 
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Eugenia Jambolana : girtli increment in high forest sample plots. 
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The saniple plots in question are situated in sal f orest, and the rate of 
growth shown is probably slower than what might be espected on moist 
alhwial ground uear streams. 

Ring-cauntings made in 1005 by Mr. D. A. Thomson in respect oi ni.no trees 
in the Supa fuel reserves, North Kanara, Bombay, gave the f ollowing results : * 

Eugmia Jambolana : rate o£ growth in Supa fuel reserves, North 

Kanara. 
Age in years . . . 5 10 15 20 25 30 35 40 45 50 55 
Mean diameter (mches) . 1-06 2-16 3-2G 4-38 5-48 6'58 7-60 8-78 9-82 10-73 1113 
Correspondiug girth (iuclies) 3-2 G-G 101 13-5 17-2 20-7 23-9 27-C 31-4 33-8 351) 

A cross-aection from the United Provinces in the silvicultural musenm at 
Dehra Dun, measuimg 3 ft. 3 ia. in giith, had 34 rings, representing a mean 
annual girth increment of 1-15 in. Measureuients in 1907 of eight planted 
trees, sixteen years old, in the Thapal grant estate, Saharanpur, United Pro- 
vinces, gave an average girth of 2 ft. 4in. and an average height of 25-7 ft., 
which shows that under f avourable conditions the growth is iahiy fast. 

2. Goppice. On iertile ground coppice-shoots grow rapidly. On rich 
ahuvium along river banks in Gorakhpur, Oudh, coppice ionr years old showed 
au average lieight of 15 ft. In Nellore, Madras, a height of 6 ft. was attained 
by coppice-shoots in eight months. 2, Measurements made in 1911 in the 
Tikri forest, Gonda, United Provinces, showed for an age of two years an 
average height of 7 ft., as against 7-6 ft. for sal. 

The loilowhig measurements made in 1886 by Mr. A. F. Bromr in the 
Bullawala sal coppice, Dehra Dun, compare the rate of growth of Eugenia 
Jamholana coppice with that of sal : 

Growth. of Eugenia Jambolana and sal coppice, Bullawala, Dehra Dnn. 
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1 Workiug Plan for the Supa Puel Reserros, 1907. 



2 Jorest Report, 1909-10. 




Pio. 213. Eugeiua Jttmbolana, plants 13 months old from broadca.st sowings, showing benc- 
(lcial effent. of "weeding, Dehra Dun : on left of staff, plot regularly weeded eontains 88 vigorous 
seedlings up to 3 ft. 9 in. in height; on right of staff, plot sown al same time and left unweeded 
contains 2.'i seedlings up to 1 i't. 3 in. in height slruggling through grass and woeds. 




Pig. 214. Euijtnia Jambolana, natural reproduction on soft sandy soil, end of hrst season, 
seedlings about 6 in. high, Tirsal forest, Delwa Dun, TJnited Provinees. Nbte dense masa of 
seedlings in upper part of picture. 
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Measurements made in 1910 by Mr. C. M. McCrie in sal coppice in Gorakli- 
pur, United Provinces, showed the iollowing growth for Uugenia and sal 
respcctively : 

Growth 01 Eugmia Jambolana and sal coppice, Gorakkpur. 
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2. Eugeiiia operculata, Boxb. Vern. Pidmaii, Rai jdman, Hind. ; Eon 
iliabye, Burm. 

A moderate-sized evergreen tree with a short bole and spreading branches. 
Leaves coriaceous, turning red in the cold season. Pound in the sub-Himalayan 
tract, Bihar, Orissa, Assam, Chittagong, and Burma. This is a ianiiliar tree 
in the sal rorests of northern India, particularly on grassy savannahs and 
blanks, where it is often the hrst tree to appear, and boing iire-resisting and 
frost-hardy, it establishes itsolf in such localities and forins a useful nurse to 
sal, which regenerates well under its protection. In their carlier stages, how- 
ever, the seedlings are sensitive to frost. In northern India the fruits ripen 
about August. The growth is slow to moderate. Sample plot nieasurements 
in sal forest in the United Provinces give the following results :• 

Eugenia operculata : girth increment in sample plots, United Provinces. 

No. of years No. of trees Mean annuol 

Porest undor under Girth girth inerement 

diviaion. Locality. measurement. rneasurement. classes. for period, 

i't. in. 

Lanedowno Barswar 4 5 l-?,-3 0-34 

Ramnagar S. Patli Duu 19 2 0-3 0-17 

A cross-section 6 ft. 3 in. in girth, in the sihdcultural museum at Dehra 
Dun, has 83 rings, giving a mean annual girth increineut of 0-9 in. 

The tree coppices well, and the coppice-shoots sometimes show fairly 
rapid growth. Measurements of ooppice made in 1911 in the Tikri forest, 
Gonda, United Provinces, showed an average heiglit of 6 i't. in two years„ 
eompared with 7 ft. 7 in. for sal ; the average number of shoots per stool was 
two as compared with 1-8 for sal. Measurements by Mr. C. M. McCrie in 1910 
in a coppice coupe three years old in Gorakhpnr, United Provinces, showed 
an average height of 7 ft. 6 in. as against 9 ft. 7 in. for sal. Measuremonts in 
1886 by Mr. A. P. Broun in the Bullawala coppice coupes, Dehra Dun, showed 
the 1'ollowing growth of Eugenia operculata as compared with sal : 

Eugenia operculata : growth in coppice coupes, Bullawala, Dehra Dun. 
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These ccmpes are subjeet to occasional severe frosts which clamage the sal 
coppice, and this accounts for the poor growth of the sal in some cases. 

3. Eugcnia Jambos, Linn. Rose apple. Vern. Guldb jdman, Hincl. 

A tree cultivated in many parts of India ancl Burma for its fruit, which 
is rather insipid though sweet-scented. According to Brandis it is indigenous 
in the Malay Archipelago and in Upper Burma (Shwebo district, at 1,000 ft. 
on stream banks). It has run wild in many places. The haudsome ilowers, 
with large yellowish white bunches of stamens, usually appear from Eebruary 
to April. The fruits ripen irom June to August, and drop at once ; the seeds 
germinate soon after talling, and large cpiantities of seedlings may be found 
under and aroimd the trees during the rainy season, as in the case of E. Jam- 
bolana. These survive if the locality is sufficiently moist and shady, but if 
exposed to the sun they die ofi rapidly. This habit coincides exactly with 
that of the connnon form of E. Jambolana, ancl it is possible that on closer 
study of tlie various species it may be f ouud to be fairly general in the case of 
those which grow in moist localities. 

2. EUCALYPTUS, L'Hĕritier. 

An Australasian genus consisting of about 140 species, most of which 
are found in Australia ancl some in Tasmania, New Guinea, and other islands. 
The eucalypts are evergreen trees, all more or less aromatic and contaimng 
oil-glands in the leaves ; the oil distilled from the leaves of some species is 
of value in medicine. The leaves of young trees, of young coppice-shoots, 
and of shoots sent out after injury by fire or otherwise, are generally opposite, 
sessile, and horizontal, and are often of a different shape from the normal 
leaves of the adult tree ; the latter are usually alternate, petiolate, and 
hang vertically. The Aowers are white or red, and the nower-buds have the 
calyx-tube covered with a lid or operculum which falls off when the Aowers 
open. The fruit is a woody capsule, consisting of the hard calyx-tube and 
containing numerous small seecls, a considerable proportiou of which are usually 
nniertile. 

The eucatypts contain several of the most important timber trees of the 
Australian contineut, Where they form large tracts of forest, some growing 
pure and others mixed. Some of them reach gigantic size, and are among the 
largest trees in the world, specimens of the blue gum (E. Globulus, Labill.) 
and peppermint gum (E. regnans, l^. v. M., formerly included under E. amyg- 
dalina, Labill.) having been stated to reach a height of over 400 ft. 

Lntrod-dction into poekig» cotjwtries. The eucalypts appear nrst to 
have attracted attention outside their natural home in the early part of the 
nineteentli century, when seed began to be introduced into southern Europe, 
and the trees, probably for the most part E. Globulus, began to be cultivated, 
hrst for ornament or as curiosities, and later, when their rapid growth and 
economic importance began to be rcalized, in plantations. Since then eucalypta 
have been extensively planted in the Mediterranean region, in California, 
Florida, Hawaii, and several other parts of the western hemisphere, in South 
Africa, and in other sub-tropical and warm temperate regions throughout the 



globe. 



Introdtjction into astd cultiyation in India. The introduction of 
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eucalypts into Inclia probably dates from 1843, when a few trees were planted 
experimentally in the Nilgiris mainly with the object of tinding some species 
capable of yielding regular and plentiful supplies of fuel : regular plantations, 
chietly of E. Globulus, were commenced in these hills in 1856, and have been 
extended subsequently on a large scale. Numerous species have since been 
tried under all sorts of climatic and other conditions in many parts of India 
and Burma, both in the hills and on the plains. Some details of the results 
attained in different localities are given below, but it may be said generally 
that some species or other of eucalyptus has been found which is suited to 
almost any climate in India with the possible exception of : (1) ^ery nioist 
tropical regions, where the seedlings damp off in spite of all precautions ; and 
(2) elevations above the winter snow-line, where snow-break is to be teared. 
It is, however, possible that species may yet be found which will grow well in 
localities where eucalypts have failed hitherto, for althougb several species 
have been proved to thrive well in India under given eonditions, the intro- 
duction of a large number is as yet in the initial stage of experiment or has 
not yet been attempted. 

The extension of eucalyptus cultivation in India has its advocates and its 
opponents. The former urge the great utility of these trees in supplying fast- 
growing timber and fuel as well as oil, tanuin, and other products, their swamp- 
draining capacity and their clirect anti-malarial value, though from a medical 
point of view the last-named cjuality appears to be problematical. The latter 
maintain that the extension of eucalyptus cultivation in India has gone far 
enough, that the trees are monotonous, and that in regions where they are 
capable of growing it is possible to grow indigenous trees which f urnish better 
timber and are superior in every way except so far as rapidity of growth is 
concerned. There is something to be said on both sides. It is true that as 
timber trees the eucalypts have not come up to expectations in India, but 
that is no reason for believing that some good timber species may not yet be 
found which will be capable of prontable cultivation. On the other hand, so 
far as fuel production goes, the rapidity of growth and the volume-production 
of the eucalypts in places where they do thrive far exceecl anything attainable 
by incligenous species. The blue gum has confcrred an inestimable boon on 
the Nilgiris, and those who complain of the monotony of the euealypts which 
dominate the landscape on the Nilgiri plateau should remember that these 
trees saved a fuel famiue in tbo middle of last century, while in Ootacamund 
and the adjoining stations they now yield plentiful supplies of fuel, obtainable 
at far cheaper rates than is the case in any other hill station in Inclia. Where 
large supplies of quick-growing and therelore cheap fuel are recpiired, there 
seems to be every reason for the extension of eucalyptus plantations in India 
in places where these trees will grow well and turnish higher yielcls thau in- 
digenous species ; while, again, the experimental introduction of little-lmown 
or new species, which has been proceeding for several years past, is all to tlie 
good, since it tends towards a solution of the question of cheap supplies of fuel 
ancl possibly of timber. Provided, thereibre, the extension of eucalyptus 
cultivation in India is connued to eases where it is likely to be of distinet 
advantage, and does not involve the clearing of valuable indigenous timber 
species, there is much to be said in favour of it. 
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Much esperimental work has been carried out in the past, and continues 
to be carried out, in the cultivation of eucalyptus in India, but in spite of this 
the records of results are in most cases disappointing, and are often unreliable. 
Fruitful sources of error are the wrong naming of seeds, the inadvertent mixing 
of seeds of different species, the interchanging of labels of plants in different 
stages, as well as errors and omissions in maintaining the records. Again, it 
frequently bappens tliat a species grows well for a few years and then fails ; 
it is favourably reported on for some years and the record then ceases, though 
the plant has by this time accpiired an undeserved reputation, and is wrongly 
recorded as a success. It is therefore of little use judging of the suitability of 
a species for a given locality until it has reached reasonable dimensions and 
shown its adaptability to its new eiwironment. Mistakes in identincation are 
vcry common, and have been the cause of a good deal of coniusion in the past. 
Por the correct identiiication of the eucalypts, botanical specimens should be 
as complete as possible, and should ordinarily include primordial as well as 
adult leaves, nowers, fruits, and bark : as these are not all obtainable at the 
same time, great care is necessary to ensure that the specimens are all collected 
from the same tree. 

Numerous failures in the past have been due to the fact that trees" from 
the temperate regions of Australasia have been repeatedly tried in the hotter 
parts of India, while those from the tropical and other warm regions of that 
continent have been tried at cool elevations in the hills. Generally speaking 
it may be laid down that f or low elevations in India, if any species is to have 
a reasonable chance of succeeding it must be obtained from the tropical and 
warm parts of Queensland ancl adjacent northern regions, where also are 
found such well-known Indian trees as Bonibax malabaricum, Eugenia Janibo- 
lana, Barringtonia racemosa, Alstonia scholaris, Mallotus philippinensis, Trema 
orientalis, Ficus glomerala,, and Gasuarina equisetifolia. On the other hand, 
species from Tasmania and the southern parts of Australia only are likely to 
be successiul at the higher elevations in India. To quote one example : the 
blue gum (E. Globulus), a tree of Tasmania and the south-eastern parts of 
Australia, has been tried time and again at low elevations in India, but has 
always failed sigiially, whereas at the liigher elevations in the Mlgiris it has been 
a remarkable success. 

The results attained hitherto in different parts of India, so far as records 
are available, arc of some interest, and may prove to be useful as a guide 
towards the selection of species for further experiment. 

1. Tlie Nilgiris. The introduction of eucalypts in 1843, and the formation 
of plantations from 1856 onwards, have already been alluded to. In 1914 
the total area of Goveriiment eucalyptus plantations, either pure or mixed 
with acacia, amounted to 1,089 acres, in addition to which there are numerous 
privately owned plantations. .Euel from these is supplied at extrcmely cheap 
rates. The altitude of the plantations varies from 5,000 to 8,300 ft. The 
principal rock is a iine-grained gneiss decomposing into a red clay : there is 
a marked absence of lime in the soil. 

The climate of the Nilgiris is cool, equable, and moist, with a welldis- 
tributed rainfall of about 50 to 80 in. The winter is on the whole mild, with 
only occasional frosts of more than slight intensity, and these are of short 
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duration ; snow ia unknown. The iollowing climatological statistics may be 
quoted : 

Climatological statistics for the Nilgiris. 

Sliade temperature (degrees Eahr.). Normnl rainfall (incheg). 

June-Sept. Oct.-Dec. Total 

Station. Maximum. Minimum. Jan,- Apr.- (SW. (NE. foi 

Absolute. Average. Absolute. Arerage. Mar. May. monsoon). monsoon). year. 

Ootaoamund .. 75 .. 35 2-46 9-70 24-76 1403 50-95 

(7 327ft.) 

Coonoor ' .. .. .. .. 8-17 S-82 18-68 32-09 05-76 

(6,200 ft.) 

Wellington . 83-4 81 24-7 36 .. .. .. .. 51-09 

(6,200 ft.) • 

The species far more extensively planted than any other is E. Globulus, 
whieh grows very rapidly and thrives admirably. Many other species, however, 
have been planted, not only in plantations but also in private gardens ancl 
along roadsides, while there are many different species in the Government 
gardens at Ootacamund and in Siin's Park at Coonoor. The identity of many 
of these was obscure until, in 1912 and subsequently, Mr. 11. Bourne made 
a careiul investigation into the cmestion, and with the aid of specimens collectecl 
on the spot succeeded in establishing the identity of no fewer thau 36 species. 
Aiter E. Globulus by far the commonest species in the Government planta- 
tions are E. obligua and E. Sieberiana. Except E. Globidus the only two 
species which have attained large climensions are E. obliqua and E. eugenioides, 
to which may be added occasional large specimens of E. viminaUs. The 
following is a complete list of species wMch Mr. Bourno lias succeeded in 
identifying in the Nilgiris : E. acmenoides, Schauer, E. amygdalina, Labill., 
E. botryoides, Sm., E. calophytta, Brown, E. capitellata, Sm., E. cornula, Labill., 
E. corymbosa, Sm., E. crebra, F. v. M. ; E. eugenicrides, Sieber, E. ficifolia, F. v. M., 
E. foecunda, Schauer, E. Olobulus, Labill., E. Gunnii, Hook., E. hemiphloia, 
P. v. M., E. Leucoxylon, P. v. M., E. longifolia, Liuk and Otto, E. macrorrhynaha, 
F. v. M., E. maculaia, Hook., var. citriodora, Bailey, E. microcorys, F. v. M., 
E. miniata, Cunn., E. obliqua, L'Hĕrit., E. panicidata, Sm,, E. ptyclmarpa, 
F. v. M., E. pilularis, Sm., E. puherulenta, Sims., E. punctata, DC, E. redunca, 
Schauer, E. resinifera, Sm., E. robusta, Sm., E. rostrata, Schleich, E. saligna, 
Sm., E. siderophloia, Benth., E. Sieberiana, F. v. M., E. Siuartiana, F. v. M., 
E. tereticomis, Sm., E. viminalis, Labill. 

Trials were commenced in 1910 to ascertain if any good timber-yielding 
species will succeed in the Nilgiris, and for this purpose small esperimental 
plantationa were formed at three ditlerent elevations, namely 6,700, 7,300, 
and 8,30.0 ft. The species tried were E. acmenoides, Schauer, E. crebra, F. v. M., 
E. eugenioides, Sieber, E. hemipliloia, F. v. M., E. paniculata, Sm., E. pihdam, 
Sm., E. punctata, DC, and E. sideropldoia, Benth. Tliere was some dimculty 
in raising the young plants, which proved tender in the early stages, and had 
to be reared under torcing frames. When once put out they proved more 
hardy, but required protection against frost, for which purpose they were 
surroimded with coverings of bracken. The species which have done best so 
far are E. punctata, E. acmenoides, and E. pihdaris. The least promising is 
E. hemiphloia. 

2. Indian Peninsula. Except in the Nilgiris there is little reliable inf orma- 
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tion regarding tlie results of planting eucalypts in the Indian Peninsula. 
Probably the most successf al species so far tried at low elevations is E. tereli- 
cornis, whicli grows well even at Bombay ; E. rostrata also does well at low 
elevations, and is grown at Poona and elsewhere. Attempts made about 
IS74-6 at Saugor in the Central Provinces, to grow certain species, including 
E. cornuta, E. Olobulus, E. marginata, E. obligua, E. rostrata, E. Sideroxyl6n, 
and E. uiminalis, resulted in failure. E. Globulus was tried in 1909 in coast 
sand in the Madras Presidency, but needless to say the result was a ±ailure. 
In the same year E. marginata, E. resinijera, and E. rostrata were sown in the 
Sanyasimalai plantation in North Salem at an elevation of 4,000 ft. ; the 
seedlings throve the first year, but no subsequent information is avai]able. 
Eleven different species were tried at Mercara in Coorg in 1913 ; those which 
proved the most successful during the hrst few years were E. maculata, E. 
pilularis, E. punctata, E. goniocalyx, E. saligna, and E. resinifera. Plants of 
E. ma,culuta three years old had a maximum height of 21 ft. and a maximum 
girth of 7 in. 

3. Himalaya. Eucalypts have been grown in various parts of the Himalaya 
for many years, but at elevations where there is any ajDpreciable snowfall in 
winter they have suffered so severely from snow-break that they are now 
reeognized to be unsuitable for planting except at the lower elevations. 
E. Globulus is probably the species which has been planted most extensively, 
and it has grown well except for liability to snow-break ; E. Sideroxylon is 
reportecl to have done well in the Kumauii hills. Mr. P. N.- Parker notes 
that at Abbottabad (elevation 4,000 ft.), where eucalypts are extensively 
grown, the species seen are E. tereticomis, E. rostrata, E. Sideroxylon, E. macu- 
lata var. citriodora, and E. Globulus. 1 Prior to the abnormal frost of 1905 
E. Globulus was far commoner than it is now, but all the trees were badly 
injured and many were killed outright in that year. At present E. tereticornis 
is by far the commonest species in that station : there are also several 
specimens of E. Sideroxylon, and one each of E. rostrata and E. maculata var. 
citriodora, dat.ing from beiore 1905. 

Experiments in the cultivation of eucalyptus in the Simla hills have been 
in progress for some years past, the most complete of these dating from 1909, 
when small experimental plots were established at various elevations along the 
Kalka-Simla railway and in the neighbourhood of Simla itself. The eultiva- 
tion was carried out by means of direct sowings on roughly prepared grouud, 
no watering being done. So far the following have been found to succeed, 
to some extent at least, at different elevations : 

(a) Under 4,000 ft. : E. calophylla, R. Br.*, E. cornuta, Labill., E. cory- 
nocalyx, F. v. M., E. eximia, Schauer*, E. gomphocephala, DC, E. goniocalyx, 
¥. v. M., E. Gunnii, Hook., E. hemiphloia, F. v. M., E. Leucoxylon, F. v. M.*, 
E. longifolia, Link and Otto*, E. Ma-ideni, F. v. M., E. melliodora, A. Ciuin., 
E. microcorys, F. v. M., E. paniculata, Sm.*, E. punctata, DC, E. resinijera, 
Sm., E. rostrata, Schlecht*, E. rudis, Endl., E. Stuartiana, F. v. M., E. tereti- 
cornis, Sm.* 

(b) 4,000-6,000 ft. : E. amygdalina, Labill., E. Cambagei, Deane and 
Maiden*, E. coriacea, A. Cunn., E. corynocalyx, F. v. M., E. crebra, F. v. M., 

1 Ind. Eorester, xxxix (19.13), p. 81. 
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E. eugenioides, Sieb., E. eximia, Schauer*, E. Globulus, Labill.*, E. gompho- 
ceplmla, DO, E. Gunnii, Hook.*, E. hemiphloia, F. v. M., E. longifolia, Link 
and Otto*, E. Maideni, F. v. M.*, E. melliodora, A. Cunn., E. Planchoniana, 
F. v. M., E. regnans, F. v. M., E. rudis, Endl., E..saligna, Sm., E. Sideroxyhn, 
A. Cunn., E. Stuartiana, F. v. M.*, E. tereticornis, Sm., E. viminalis, LabilL* 
(c) 6,000-7,000 ft. : E. Gambagei, Deane and Maiden, E. corymbosa, Sm,, 
E. corynocalycc, F. v. M., E. crebra, F. v. M., E. Ghbulus, Labill., E. Gunnii, 
Hook.*, E. hemiphloia, F. v. M., E. Maideni, F. v. M.*, E. Stuartiam, F. v. M.*, 
E. viminalis, LabilL* 

(d) Over 7,000 ft>. : E. corymbosa, Sm., E, corynocalyx, F. v. M., E. crebra, 
F. v. M., E. melliodora, A. Ounn., E. saligna, Sm. 

Those marked with an asterisk have so far proved the moat snccesstul. 
Above 5,000 ft. the results have not been nearly so satisfactory as they have 
below that elevation, though this is ascribed more to poverty of soil than to 
elevation. Species which have so far proved ttnsuitable for introduction on 
a large scale are E. luiemastoma, Sm., E. macrorrhynclia, F. v. M,, E. MueUeriana, 
Howett, E. obliqua, LHerit., E. pauciflora, Sieb., E. pilularis, Sm., E. piperita, 
Sm., E. Sieberiana, F. v. M. 

Further experiments are in progress in the Simla hills with numerous 
other species, and these may be expected to yield detinite results in due 
course. 

4. Sub-Einmtayan tract and plains of northern India. Eucalypts were 
first introduced into northern India about 1860, and numerous species have 
beeu tried. The reports of tlie Government gardens at Lucknow, Lahore, and 
Saharanpttr coutain the results of various trials from time to time. In the 
Changa Manga irrigated plantation near Lahore various species were intro- 
duced many years ago, while morc recentiy experiments on a considerable 
scale have been carried out there and in the Kot Lakhpat plantation. 

Mr. B. N. Parker x onumerates the toUowiug species found growing on 
the Punjab plains, whioh he- has been able to identiiy with tolerable certainty, 
tliough he admits that the iist is by no nieans complete : 

E. maculata, Hook., var. citriodora, BaiLey. Less common than the followiug 
two in the Pnnjab, but the commonest species in Saharanpur and Dehra Dun. 

E. tereticornis, Sm. This and the next are the commonest species in the 
Pitujab, and have given the best residts where extensive trials have been 
made. Almost the only species in the Rawalpindi and Hazara districts. 
Succeeds well in the Hoshiarpur distriet. Not common at Saharanpur and 
Dehra Dun. 

E. rostrata, Schl. Very coinmon on the Punjab plains ; scldom scen in 
Rawalpindi and Hazara. Does well at Saharanpttr. 

E. crebra, F. v. M. Occasionally seen in Lahore, Amritsar, Kapurthala, 
Changa Manga, and Saharanpur. 

E. melanophhia, F. v. M. Growu in Lahore, Changa Manga, Agra, and 
Saharanpur. 

E. saligim, Sm. Grows well at Amritsar and Saharanpur. 

E. robusta, Sin. Occasionally grown in Lahore, Kapurthala, Saharanpur, 
and Agra. 

1 loc cil. 

23 07. a Q 
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E. siderophloia, Bentli. One specimen in Changa Manga doing well. 

E. Sideroxylon, A. Cunn. Several in Changa Manga, not doing very well. 

The nrst three of the ahove species are by far the commonest grown in 
the plains and sub-Himalayan tract. 

According to Mr. Parker the f ollowing species have been suniciently tried 
to show that they are quite unsuitable for planting on the plains : 

E. amygdalina, Labill., E. capitellata, Sm., E. coccifera, Hook. f., E. coriacea, 
A. Cunn. {E. pa%icifiora, Sieb.), E. corymbosa, Sm., E. Globulus, LabilL, E. 
goniocalyx, F. v. M., E. Ounnii, Hook. f., E. liaemastoma, Sm., E. macrorrhynca, 
F. v. M., E. marginata, Sm., E. obligua, L'Hĕrit., E. pilularis, Sm., E. piperita, 
Sm., E. resinifera, Sm., E. Sieberiana, F. v. M., E. Stuartiana, F. v. M., E. 
urnigera, Hook'. i'., E. viminalis, Labill., E. mrgata, Sieb. (E. stricta, Sieb.)- 

The following species appear to be unlikely to thrive on the plains, though 
evidence is not yet conclusive : 

E. acmenoides, Schau., E. alpina, LindL, E. Andrewsi, Maiden, E. Bailey- 
ana, F. v. M., E. calophylla, R. Br., E. cinerea, F. v. M., E. corynocalyx, 
F. v. M., E. delegatensis, R. T. Baker, E. dives, Schau., E. eugenioides, Sieb., 
E. eximia, Schau., E. ficifolia, F. v. M., E. longifolia, Link and Otto, E. Lueh- 
manniana, F. v. M., E. Macarthuri, Deane and Maiden., E. macrandra, F. v. M., 
E. macrocarpa, Hook., E. Muelleriana, Howett, E. occidentalis, EndL, E. 
obcordata, Turcz. (E. Platypus, Hook.), E. Planchoniana, F. v. M., E. regnans, 
F. v. M., E. mbida, Deane and Maiden, E. Smithii, R. T. Baker, E. stellulata, 
Sieb., E. trachyphloia, F. v. M., E. umbra, R. T. Baker. 

Many other species are under trial. At Lahore, among species which have 
shown promise during the Jirst few years are E. gomphocepliala, DC, E. hernd- 
phloia, F. v. M., E. meldnophloia, F. v. M., E. melliodora, A. Cunn., and E. rtidis, 
Endl. The last named has shown extraordinary growth on poor saline soil, 
and appears to be well suited for sueh ground. E. Kirtoniana, F. v. M., does 
well if it gets sunicient watcr. At Saharanpur the most successful so far, 
apart 1'rorn those already mcntioned, are E. microcorys, E. v. M., E. obliaua, 
L'Herit., E. panicnlata, Sm., and E. rudis, Endl. The following, rccently 
grown at Dchra Dun, are well established : E. bicolor, A. Cunn., E. boiryoides, 
Sm., E. microcorys, F. v. M., E. patentinerms, R. T. Baker, E. rostrata, Schl., 
E. saligna, Sm., E. Siderowylon, A. Cunn. ; of these E. bicolor, E. botryoides, 
and E. Sideroxylon are regarded as failures at Saharanpur. 

The following climatological statistics for plains and low-level statious 
in northern 1 ndia give some indication of the conditions under whicJi the 
above-mentioncd species have been tried : 

Climatological statistics for some plains and low-level stations innorthern India. 
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the remainder of the year is dry except 
for occasional showers or bursts of rain. 
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5. Assam. E. Oldbulus thrives at SMllong, showing rapicl growth arid 
attaining very fair dimensions. 

(3. Burma. Encalypts have been tried from time to time in various parts 
of Burma. At Maymyo (elevation 3,500 it.) planting was commenced about 
the year 1893 ; the species which has proved most successiul there is E. 
rostrata, though E. amygdalina and E. macul-ata var. citriodora have also 
done well, and E. resinijera fairly well. These species are likely to do well on 
the Shan States plateau should plantations be required there. There is a fine 
avenue in the Maymyo bazaar consisting ehierly of E. rostrata. E. Oldbulus 
has proved a failure at Maymyo, but has succeeded in the hills of the Ruby 
Mines district. The species which has done best at low elevations is E. vimi- 
nalis, which has proved hardy. E. cornuta was reported in 1911-12 to be 
growing well in a rubber jdantation at Itwanhla in the Amherst township. 

7. Andamans. Seventeen species were tried in the Andamans in 1914, 
but after the first year the only species showing any promise were E. resinijera, 
E. robusta, E. rostrata, and E. tereticornis. Two spccies, namely E. hotryoides 
and E. rdbusta, were tried in mangrove swamps, but were unable to stand the 
salt water. 

SrLVicuLTtrnAL characters. Eucalypts, as a rule, are intolerant of 
shade, though many species tend to branch low if grown in isolated positioiis, 
and in early youth seedlings endure a little shade for a time. Many species 
coj)pice well, but the blue gum (E. Globulus) is probably the most vigorous of 
all the better known species in this respect. The root,-system is usually of 
a spreading type, the roots penetrating ior a considerable distance in search 
of moisture ; superhcial spreading roots are common. Eucalypts are generally 
speaking wind-lirm, but many species are liable to become bent, gnarled, and 
stunted in esposed situations. Species tried at the lugher elevations in the 
Himalaya have been fouud very liable to snow-break. Eire does little damage 
to older trees with thick persistent bark, but young trees and those with thin 
or deciduous bark suffer severely : those whose bark exfoliates in long dry 
strips, like E. Olobulus, suiler much damage, the fire ascending up the loose 
bark into the crowns. Most species have good power of recovery from damage 
by flre. Injured trees produce shoots with primordial leavea, and a blue gum 
plantation which has recently been burnt presents a silvery-blue appearance, 
owing to the production of theso shoots. The most aromatic eucalypts are 
not reaclily browsed by cattle ; two species particularly susceptible to this 
form of damage are E. corynocalyx, whose leaves have a sweetish taste, andl 
E. Ounnii, whose leaves are not strongly aromatic. Plantations of young 
trees near Dehra Dun have sutlered much through rubbing by deer, the 
aromatic bark attracting these animals ; where deer are prevalent, fencing 
niay theretore be necessary; In the Changa Manga plantation in the Lahore 
district, seedlings are browsed down by nilgai in the winter, and when the 
plants are out of reach of browsing these animals gnaw the bark. 

The requirements of the various speeies as regards soil and climate vary 
considerably. Some details are given under the individual species described 
below, but so far as Indian conditions go our knowledge is conhned to a com- 
paratively small number of species which have been tried in ditEerent loc.alities. 
Much experimental work remains to be done in discovering species suitable 

Q2 
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i'or (,Jit5 diverse climates and types of soiJ met witli in India, for experience 
lias shown that it is most unsale to predict the behaviour of a newly tried 
species in India, even though its recprirements are well understood in its 
natural liome. Generally spealdng, most if not all eucalypts grow best on deep 
Iresh soil with a f air amount of subsoil moisture ; many, however, accommodate 
f hemselves to poor dry soils, swampy ground, exposed situations, high altitudes, 
or other conditions mifavourable to their bost development, and here they 
olten assume a stunted or misshapen form or display special characteristies 
amoimting to sub-specific variation, for example in the form of the bark, thc 
shape aiid size of thc leaves, or the amount of essential oil contained in them. 

The following are some examples of species whose requirements are 
tolcrably well known : 

Suitable for wet ground : E. rostmta (probably the best for swampy 
ground), E. robusta, and to some extent E. botryoides, E. Globnlus, and E. tereii- 
cornis. 

Suitable for dry, poor soil : E. corynocalyx, E. resinijeru, E. sideroph/oia, 
E. Sieberiana. 

Exacting as to soil : E. Olobulus, E. piiularis. 

Not exacting as to soil (i. e. will tolerate dry as well as unduly moist 
soils) : E. umygda/ina, E. cornuta, E. resinijera, E. robusta, E. rudis, E. Sidero- 
xylon, E. viminalis. 

(Suitable for saline soils : E. rudis. 

Erost-resistant : E. coriacea, E. Ounnii, E. rcsinifera, E. rostrata, E. sidero- 
pldoia, E. .ierebicornis, E. viminalis. ■ 

Erost-tender : E. calophylla, E. maeulata var. citriodora. 

The following list of rclatiye frost-hardmess of diilerent speeies of Euca- 
lyptus has been drawn up by Mr. E. N. Munns as a result of observations 
during an exceptional period of Jow temperature in South Caliiornia : x 

Very resistant to low ternperatures : E. vi?ninalis, E. polyanthcma, 
E. Gunnii, E. regnans, E. crebra. 

Resistant to lo\v temperatures : E. teretieornis, E. rostrala, E. Globutus, 
E. coriacaa, E. rcsinijera, E. cory?wcalyx, E. robusta, E. goniocatyic. 

Frost-sensitive, but oapaMe of recovering from injury : E. Sidero.cylon, 
E. Stuartiana, E. citrioclora, E. longijolia, E. amygdalina, E. saligna. 

Very frost-sensitive : E. riulis, E. cmymbosa, E. Leucojylon, E. cornula, 
E. diversicolor, E. calophylki. 

Drought-resistant : E. corynocalyx, E. resinijera. 

Drought-teuclcr : E. Globulus, E. maculata, var. citriodora, E. obtiguu, 
E. mligna. 

Natukal iuopkod uctio.n . 80 far as Iiidia is concerned, the cpiestion of 
natural reprocluction from seed is at present of 110 consequence. To a limited 
cxtent natural seedlings have been springing up in aud around the blue gum 
plantatious of tlie Nilgiris for some years past, and the essential conditions 
appear to be bare soil free of weeds and sufficient light. In Australia it is 
generally recognized that natural reproduction can be secured without much 
diJJiculty by cutting the undergrowth, passing iire over the area, and therc- 
after strictly protecting from fire ancl in the first few years from grazing ; 
thesc methocls usua.Uy result in a good crop of natural seedlings, from seed 

1 Joumal of l''oreatry, xvi (April 1918), p. 412. 
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lying dormant or falling subsequent to tlie tire, wlierever there is s.ifficient 
light for their development. 

Artificial beprodtjgtion. Tlie artincial raising of eucalypts requires 
a considerable amount of care : the seeds are small and are easily washed 
away by rain, while the young seedlings of many species are sensitive to 
drought or frost and for some little time after germination are very liable 
to damp off with excessive moisture. 

Direcl sowings are less commonly employed than transplanting, but 
E. cmbru was sown with suceess at Dehra Dun on alluvial ground in lines 
with the aid of field crops, a cleared strip 3 it. wide in which the eucalypts 
were sown being Ieft unsown with the tield crop ; two lines of eucalypts 1-|- ft. 
apart were sown, with a Iine of sal between tliem, the object of the former 
being to aet as a protection to the sal against frost and drought. The held 
orop employed was the lesser millet or mantlwa (Eleusine coracana), which 
was sown in Juue and reaped in October, and the eucalyptus was sown in 
August, 1J o?4. of seed being used for sowiugthe double line 74 ft. long. The 
eucalypt seedlings died off in cpiaiitity in the first dry season, but a sufficient 
number survived to prodnce tlhcldy stocked lines, the dominant pJants reaching 
a height of 5-6 ft. in eighteen months ; they wcre tlien much in need. of 
thinning out, and their subsequent development was poor owing to their 
congested state. This experiment is not conelusive, but this method of sowing 
is worth further trial where seed is plentiiul. Experimental broadcast sowings 
liave been carried out since 1909 in small patches in the Simla hills, and the 
results have been noted on pp. 560 and 561 ; more recently sowings on a larger 
scale have been tried, but the residts have not proved successtul. 

Nursery treatment. The methods of raising euoalypt seedlings in the 
nursery vary considerably, and local experieuce alone can deeicle whieh method 
to adopt in any particular case. Experience has shown that the best time 
for sowing the seed in most parts of India, both in the hills and on the plains, 
is early spring, about Eebruary-Mareh or even as eaiiy as January in the 
hills ; this enables the seecUings to reach a size large enough for planting out 
at the beginning of the rainy seasou. The cheapest method of raising seedlings 
is to rear them in seed-beds, which should be well raised and should consist 
of a mixture of fine leaf-mould and sancl. The suriaee having been well 
smoothed and moderately, not excessively, watered, the seecl is sown broadcast 
on the suriace and lightly covered with a layer of fine earth. The seed-beds 
should be kept moist with a fine spray until germination begins : from the 
cominencement the beds should be protected by a coveriug, raised about 
12 in. above them, of thatcli or other material imperyious enough to prevent 
rain from dripping through, these screens being removed in dull cloudy weather 
and replaeed to protect the beds and seedlings from sun, irost, or heavy rain. 
The seedlings recpiire a fair amount of water, but excess of moisture causes 
damping off. The beds shoidcl never be Aooded ; watering sliould be done 
frequently but sparingly with a fine spray. 

Flat boxes about 4 or 5 in. deep arein mauy ways preferable to seed-beds, 
and for new species as yet untried or of which only a limited quantity of seed 
is available they should certainly be adopted. The bottoms of the boxes 
should have a number of small holes horecl in them for drainage purposes, 
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and otherwise the same precautions as regards soil, watering, and protection 
should be employed. An open slied is useiul for protecting the boxes of 
seedlings during heavy rain and frosty weather or in the heat of the day. 
One special advantage of seed-boxes is that they can be protected against 
ants, which earry off the seeds, and white ants, which dcstroy the roots of 
young seedhngs : the boxes may be isolated by placing them on stones wrapped 
in cloth soaked with kerosene oil or on stands the legs of which rest in tins 
of water. In place of boxes, kerosene tins cut in half, with holes punctured 
on the under side, may be employed. 

Whether raised in seed-beds or in boxes, the seedlings on attaining 
a height of 2 to 4 in. should be pricked out 2 to 3 in. apart, either in nursery- 
beds or in boxes, and shaded for the tirst two or three days. Pricking out 
recpiires mueh care, as the seedlings are sensitive to any damage to stem or 
roots. On attaining a height of about 6 in. they may require pricking out 
again, or what is preferable, they may be planted individually in baskets or 
pots madc of stiii paper about 8 or 9 in. deep, or in bamboo tubes open at 
either end, thc lower end being stopped up Avith grass or other material ; in 
transplanting the baskets or pots are buried bodily, the bottoms having been 
broken open, while in the case of the bamboo tubcs the plant is forced down 
through the tube into the planting hole, the tube being removed. In this way 
there is no disturbance of the roots during transpiauting. Clay pots at least 
7 in. deep may also be emj>loyed, the seedlings being careiully reuioved from 
them, with the earth intact, f or planting purposes. In the Mlgiris the system 
of mossing- is sometiines adopted, the roots of the seedling, enciosed in a ball 
of earth, being wrapped round with moss with the objeet of retaining moisture ; 
the mossed plants are placcd on the ground under partial shade, regularly 
watered, and shiited slightly every few days to prevent the roots from fixing 
themselves in the ground. 

Where baskets, pots, &c, are employed, thc preliminary pricking out is 
sometimes dispcnsed with, the secdlings being transferred to.them straight 
from the seed-bcds or boxes. For planting out purposes where seedlings have 
been pricked out in boxes the boxes of seedlings should, if possibie, be conveycd 
to tlie planting site and the seedlings should be removed from the boxes by 
means of a trowel, with as little disturbanee of the earth round the roots as 
possible. If transplanting is to be carried out in a dry situation the plants 
should be graclually hardeued in the nursery by giving them more and more 
sun and less and less water. 

Plcmting and spacing. In India the best time for planting is about the 
begimiing of the rainy season, and for forest purposes seedhngs about 12 in. 
in height are the most suitable. Winter planting has been tried in the Hima- 
laya, but the results-were less suocessiul than in the case of monsoon planting. 
It is advantageous to dig the pits two or three months beforehand and expose 
the soil ; in low-lying or swanipy ground it may be found advisable to plant 
on slightly raised rnounds. 

The question of spacing is somewhat debatable, and probably the only 
dehnite conclusions arrived at so far in India are in respect of the blue gum 
piantations in the Nilgiris, where in the earlier years various spacings from 
6 ft. by C ft. to 9 ft. by 9 ft. were adopted. At first opinions varied as to 
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the results likely to be attained, but there is now no doubt whatever that 
a spacing oi 9 ft. by 9 ft. is preferable to one of 6 ft. by 6 ft., and that there 
is no occasion to plant closer than 8 f t. by 8 f t. ; these wider spacings not only 
give ecjually good, if not better results, but also reducc the eost of formation 
considerably. As regards other species and conditions, accurate information 
is wanting as to the best spacings to adopt in India. Generally speaking, 
however, wide spacings, say 8 ft. by 8 ft. to 10 ft. by 10 ft., are indicated on 
good soils, and f or species which grow vigorously and tend to form clean boles, 
while closer spacings are necessary on poor soils and f or species which develop 
more slowly and tend to branch low. It is doubtful if a spacing of less 
than 6 ft. by 6 ft. is ever indicated in India if a plantation is to prove 
prohtable. 

Subseguent tending. Por the first year, or sometimes two years, it may 
be necessary to protect the young plants from frost by means of cowls of grass 
or bracken. Hand watering is not ordinarily practicable under foresfc con- 
ditions on a large scale ; most eucalypts, however, respond to irrigation, 
TMnnings rlrst become necessary as a rule from the sixth to the tenth year, 
and the eAect of regular tliinnings on the yield and on the subseguent devclop- 
ment of the crop is most marked. 

System oii 1 working. So far as India is concerned, the Mlgiri blue gum 
plantations are the only ones which have as yet been worked regularly, the 
system adopted being for the most part simple coppiee for the production 
of f uel : hitherto the rotation adopted has been ten years, but this has recently 
been increased to fifteen years. A few of the less accessible plantations have 
been left as high forest to be felled later, and as far as can be foreseen the 
best method of regeneration will be by clear-felling and replanting. Goppice- 
with-standards has beeu tried in the Nilgiris, but the results were unsatisf actory 
owing to the poor growth of the coppice, and this system has been abandoned 
in the Government plantations. Somc further details regarding the working 
of the Nilgiri plantations will be found below imder E. Globulus. 

PAETrcuLAES regarding species. Information regarding most of the 
species which have hitherto been tried in India is given below. Particulars 
as to the characters and occurrence of these trees in their natural home have 
been taken mainly from von Mueller's Eucalyptographia, Maiden's Criiical 
Bevision of the Genus Eucalijptus and Flora of Neio Souih Wales, Baker and 
Smith's Besearch on the Eucalypts, Bentham's Flora Australiensis, and Bailey's 
Queensland Woods. 

Species (in alphabetical order) 1 . E. acmenoides, Schauer ; 2. E. alpina. 
Lindl. ; 3. E. amygdalina, Labill. ; 4. E. Andrewsi, Maiden ; 5. E. Baileyana, 
F. v. M. ; 6. E. bicohr, A. Cunn. ; 7. E. botryoides, Smith ; 8. E. calophylla, 
B. Br. ; 9. E. Oambagei, Deane and Maiden ; 10. E. capitellata, Smith ; 
11. E. cinerea, !F. v. M. ; [E. citriodora, Hook., see 36. E. maculata, Hook. ; 
E. coccifera, Hook. f., see 3. E. amygdalina, Labill.] ; 12. E. coriacea, A. 
Cunn. ; 13. E. comuta, Labill. ; 14. E. coryrnbosa, Smith ; 15. E. corynocalyx, 
F.v.M.; 16. E. crebra,T?.r.M. ; 17. E. delegatensis, R. T. Baker ; 18. E.dives, 
Schauer; 19. E. eugenioides, Sieber ; 20. E. eooimia, Schauer ; 21. E.ficifolia, 
F. v. M. ; 22. E.*foecunda, Schauer; 23. E. Globulus, Labill. ; 24. E. gompho- 
cepJmla, DC. ; 25. E. goniocalyx, P. v. M. ; 26. E. Gunnii, Hook. ; 27. E. 
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hmmmtoma, Smith; 28. E. hemiphloia, F. v. M. ; 29. E. Kirloniana, E. v. M.; 
30. E. Leucoxylon, E. v. M. ; 3]. E. longijolia, Link and Otto; 32. E. macran- 
dra, ]?. v. M. ; 33. E. Macarthuri, Deane and Maiden ; 34. E. macrocarpa, 
Hook. ; 35. M. macrorrhyncha, ¥. v. M. ; 36. E. maculata, Hook. ; 37. E. 
Maideni, V. v. M. ; 38. E. marginata, Smith; 39. E. melanophloia, F. v. M. ; 
40. E. mellioclora, A. Cunn. ; 41. E. microcorys, F. v. M. ; 42. E. miniata, Cunn. ; 
43. E. Muelleriana, Howett; 44. E. obcordata, Turcz. ; 45. E. obliqua, L'Hĕrit. ; 
[E. obtusijolia, DC, see 74. E. irirgata, Sieb.]; 46. E. occidentalis, Endlicher; 
47. E. paniculata, Smith; 48. E. patentinervis, R. T. Baker; [E. pauciflora, 
Sieb., sec 12. E. coriacea, A. Cunn.] ; 49. E. pihilaris, Smith; 50. E.piperita, 
Smith ; 5 1 . E. Planchoniana, ¥. v. M. ; [E. Platypus, Hook. , see 44. E. obcordata, 
Turcz.]; 52. E. ptychocarpa, E. v. M.; 53. E. pulmrulenta, Sims. ; 54. E, 
pimctatu, DC. ; 55. E. reduncu, Schauer ; 56. E. regnans, F. v. M. ; 57. E. 
resinijera, Smith; 58. E. robusta, Smith ; 59. E. rostrata, Schlecht ; 60. E. 
rubida, Deane and Maiden ; 61. E. rudis, EndL ; 62. E. saligna, Smith ; 
63. E. sideropliloia, 'Benth. ; 64. E. Sideroxylon, A. Cunn. ; 65. E. Sieberiana, 
¥. v. M. ; 66. E. Smithii, R. T. Baker; 67. E. stellulata, Sieb. ; [E. stricta, Sieb., 
see 74. E. mrgata, Sieb.]; 68. E. Stuartiana, F. v. M. ; 69. E. tereticornis, 
Smith; 70. E. trachyphloia, E. v. M. ; 71. E. umbra, R. T. Baker; 72. E. 
urnigera, Hook. f . ; 73. E. 'irim.inalis , Labill. ; 74, E. virgata, Sieb. 

1. Eucalyptus acmenoides, Schauer. White mahogany. 

A fairly tall straight-growing tree with drooping rather bushy lbliage. 
Bark persistent, nbrous. Wood strong, tough and durable, used for posts, 
piies, building, &c. ; posts are said to have lasted over fifty years in Australia. 
Indigenous in eastern New South Wales and Queensland, growing well on well- 
drained sterile hills. There are a few specimens in the Nilgiris. Mr. R. Bourne 
gives the Ibllowing: (1) Coonoor Peak ; (2) below Cluny Hall; (3) St. Thomas's 
cliurchyard. It is being experimented with further as a plantation tree 
and has clone well so far. It has not attaiued a large size in the Nilgiris. 
11; is being tried on the plains of northern India, but appears unlikely to 
1hrive. 

2. Eucalyptus alpina, LincU. 

A shrubby rare alpine species ibund on Mount William, Victoria, at an 
elevation of over 4,000 ft. Very slow-growing and of dwarf habit. Has recently 
heen tried on the plains of northern Inclia, but is most unlikely to sncceed. 
A ouriosity and not a species of commercial importance. 

3. Eucalyptus amygdalina, Labill., ineluding E. regnans, F. v. M. Giant 
gum, peppermint gum. 

Maideu separates the two species, but they are here considered together 
because i.t is not yet certain to which belong the trees grown under the name 
of E, amygdalina in India. In its native home E. regnans is the largest of the 
eucalypts, trees over 400 ft. high having been recorded (E. v. Mueller). The 
stem is tall, straight and clean, with smooth almost white bark, and the foliage 
ibathcry and handsome. New South Wales, Victoria (eastern humid districts), 
and Tasmania, up to 4,000 l't. It attains its largest climensions in well-watered 
ravines of the cooler ranges ; in open country and on ridges it is a much 
smaller tree. . Wood f airly light, noating in water, unlike that of most euoalypts, 
not very durable underground, but used for shingles, planking, and palings. 
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Tlie leaves are very rich in oil, but perhaps this relers to the variety 
known as the peppermint guin, with fragrant leaves. The tree is grown 
f o a certain extent in the Nilgiris : Mr. R. Boirrne mentions tlie tollowing : 
(1) Goonoor Peak, block I, compartments 4 and 7 ; (2) several tine speci- 
mens in Sim's Park, said to be about 30 years old (in 1912), the largest 
114 ft. high and 11 ft. 1|- in. in girth ; (3) a few specimens near Wrenn and 
Bennett'a ; (4) Springneld, compartment 11, six fine specimens along the road. 
It has been under trial in the Simla hills since 1909, and so far it has been 
found to do moderately well at 4,000-6,000 ft. It has been tried on tbe plains 
of northern India, but according to Mr. B. N. Parker it has been found cruite 
unsuitable. Di. Brandis in 1876 reported a number of trees, believed to be 
this species, in the Changa Manga plantation, the largest, then eight years old, 
being 56 ft. high and 27 in. in girth ; probably, however, the species was not 
correctly determined. It has clone well at Maymyo in Burma (3,500 ft.). 

Var. coc&Jera, Hook. f., has been tried without success on the plains of 
northern India. It is said to be very frost-hardy, and to have passed through 
• severe winters in England. 

4. Eucalyptus Andrewsi, Maiden. Blackbutt or peppermint (of New 
England), white top. 

A tall tree with rough somewhat librous bark on the stem, and red twigs. 
Timber not of the nrst class, with many gum veins. Common in New England, 
JSTew South Wales, generally on metamorpliic rooks, on rocky ground with 
poor soil. Stands a considerable degree of cold. Has been tried recently on 
the plains of northern India, but is unlikely to prove successful. 

5. Eucalyptus Baileyana, E. v. M. Rough stringybark. 

A tall tree with dense shady foliage, attaining 150 ft. in Australia. Bark 
very rough and nbrous. Wood very tough, suitable for tool handles. South- 
east Queensland, on poor somewhat sandy ridges near Brisbane. Has recently 
been tried on the plains of northern India, but so far does not show much 
promise. 

6. Eucalyptus Mcolor, A. Cimn. Black box. 

Usually a small tree or only a shrub. Has recently beeu grown at Dehra 
Dun and has established itself well so far. 

7. Eucalyptus botryoides, Smith. Bastard mahogany. 

A tali straight-stemmed tree with handsome darlc green dense shady 
f oliage resembling that of a Eugenia. Bark turrowed, outside greyish brown,- 
inside rusty brown. Wood hard, tough and durable, used for large beams 
and 1'elloes of wheels. South Queensland, New South Wales, Victoria, Tas- 
mania, in moist localities along river fiats and in mountain ravines. Also on 
coast sands, where it is somewhat gnarled ; it is one of the few eucalypts 
suitable ior suoh localities. Will endure excessive soil-moisture, but the growth 
suffers if the ground is too swampy. Unsuitable for dry climates. It is among 
the species grown in the Nilgiris. Mr. R. Bourne gives the following looalities : 
(1) Cairn Hill, block III ; a felied tree measured 97 ft. in height ; (2) Sim's 
Park, compartments 2 and 3, and in the Park itself . It grows well at Coonoor. 
It has recently been tried at Dehra Dim, and has established itself satisiaetorily 
so far. It has heen tried in mangrove swamps in the Andamaiis, but without 
success. 
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8. Eucalyptus calophylla, R. Br. Orange-howered gum. 

A moderate-sized to large tree with broad almost ecmilateral Eugenia-like 
leaves, and easily recognized from its very large um-shaped fruits. Seedling 
leaves peltate at the base. Bark persistent, dark brown, deeply furrowed, 
reddish and ratlier stringy on young trees. Wood not durable in tlie ground, 
but usef ul f ot spokes and tool handles, f or wlrich purpose it is replacing hickory. 
South-west Australia, often in jarrah (E. marginata) forests. An extra-tropical 
tree, but has succeeded ±'airly well in some almost eguatorial regions, as at 
Zanzibar. Requires a mild equable climate, and does not stand frost. It is 
grown in the Nilgiris. Mr, R. Bourne gives the following localities : (1) Goonoor 
Peak, bloek I, compartments 10, 33, and 36 ; (2) Rallia ; (3) an aged specimen 
on tlie Coonoor gliat below Aravankadu on the north side of the road ; 
(4) Botanical gardens, Ootacamund, No. 17, 4 ft. in girth and 66 ft. in height. 
It was introduced experimentally in 1909 in the outer Himalaya below Simla, 
and so far has done well below 4,000 ft. It has recently been tried on the 
plains of northem India, but has not shown much promise. 

9. Eucalyptus Cambagei, Deane and Maiden. Bastard box. 

A low stunted tree with somewhat hbrous bark. Timber of no use. 
Victoria and New South Wales. It has been tried in the Simla liills since 
1909, and has done well at 4,000-6,000 it. and moderately well at 6,000- 
7,000 ft. clevation. 

10. Euealyptus capitcllata, Smith. Brown stringybark. 

A moderate-sized to tall straight or sometimes stunted tree with rather 
dense dark foliage and deeply lissured stringy bark. Wood tough, strong, 
durable, and nssile, used for eoiistruction, posts, shingles, and fuel. New 
South Wales (south-west and north of Sydney on poor rocky country), Victoria 
(Gippsland over 500 ft. and in places along the coast), South Australia (Mount 
Lofty). It is stunted and forms dwarf forcsts on moist sandy ridges. Suitable 
for wet sandy soil, and is found sometimes on moist flats. Grown in the 
Mlgiris, Cairn Hill, block III ; a tree 66 ft. in height was measured by Mr. R. 
Bourne. Has been tried on the plains of northern India, but has proved 
cjuite. unsuccesslul. 

11. Euealyptus cinerea, F. v. M. Argyle apple. 

A handsome tree 40-50 ft. high, covered with a wliitish bloom. Bark 
nbrous, tliick. New South Wales. Has recently been tried on the plains of 
northern India, but docs not show much promise. 

Bucalyptus citriodora, Hook., see 36. E. maculata, Hook. 

Eucalyptus coccltcra, Hook. f., see 3. E. amygdalina,, Labill. 

12. Eucalyptus coriacea, A. Cuim. Syn. E. pauciflora, Sieber. 

A moderate-sized tree, often with spreading branches, the branchlets more 
or less pendulous and often covered with a bluish bloom. Bark smooth, 
whitish grey. Wood rather soft and brittle ; an excellent fuel. Victoria, 
New South Wales, Tasmania, from the lowest elevations up to near the snow- 
line in the Australian Alps. Is capable of standing rather severe frost, and 
grows close to glaciers, forming dwarf forests with E. Gunnii up to 5,500 ft. 
Has been tried in the Simla hills since 1909, and has done moderately well 
at 4,000-6,000 ft. Recently tried on the plains of northern India, but 
failed. 
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13. Eucalyptus cornuta, Labill. Yate. 

A tree reaching fair dimensions in its liome, but usually of small or 
moderate size, with slightly drooping foliage. Bark dark greyish brown, 
rough. Wood hard and elastic, used for shafts, boat ribs, and agricultural 
implements. South-west Australia. It thrives best in moist loealities and 
does well in a humid climate, but can grow on poor soil. It can stand a eon- 
siderable degree of frost, trees in Florida haviug withstood teniperatures as 
low as 23° F. Under favourable conditions its growth is rapid. It has been 
grown in the Nilgiris (Botanical gardens, Ootacamuud). It was tried without 
success about 1874-6 at Saugor in the Central Provinces. It has been tried 
in the Simla hills since 1909, and so far has done moderately well below 4,000 ft. 
It was reported in 1 9 1 1-1 2 to be growing well in a r ub ber plantation at Kwanhla 
in the Amherst township, Burma. 

14. Eucalyptus corymbosa, Smith. Bloodwood. 

A tall tree, but often small and stunted. Bark persistent, rough, blackish 
grey, yellowish or reddish brown inside, that of upper branches smooth and 
reddish or whitish. Wood very hard and durable, but dimeult to saw owing 
to the cpiantity of kino in it, and not a good fuel ; used for piles and fence- 
posts. Queensiand, North Australia, and New South Wales ; the commonest 
eucalypt in Queensland (Bailey). There is a specimen, wliich has not grown 
to any size, in the Nilgiris in Sim's Park, Forest Lodge. It has been tried in 
the Simla hills since 1909, and has done moderately well above 6,000 ft. It 
has recently been tried without success on the plains of northern India. 

15. Eucalyptus corynocalyx, F. v. M. Sugar gum. 

A moderately tall tree with smooth bark and sweetish foliage which 
attracts cattle and sheep. Wood durable and very strong ; said to be better 
than hickory. South Australia and Victoria. Growth not very rapid. Very 
drought-enduring, but grows best with a fair amount of moisture ". intolerant 
of excessive soil moisture. It has been tried sincc 1909 in the Simla hills at 
various elevations, and so far has done moderately well froni below 4,000 ft. 
to over 7,000 ft. It has recently been tried on the plains of northern India, 
but so far it does not show much promise. 

16. Eucalyptus crclbra, F. v. M. Narrow-leaved ironbark. 

A moderate-sized or large tree with long narrow leaves, slender drooping 
branchlets, and small rlowers and fruits. Bark rough, deejily f urrowcd, grey 
to almost black. Wood hard, tough, elastic and durable, used for posts, piles, 
bridges, and wagons. Queensland, New South Wales, and North Australia ; 
often gregarious. Grown in the Nilgiris. Mr. R. Bourne gives the following : 
(1) Sim's Park ; (2) below Cluny Hall, one tree measured 4"ft. 10 in. in girth 
and about 40 ft. in height ; (3) Botanical gardens, Ootacamund, 7 ft. 6 in. in 
girth and 92 ft. in height. Now being experimented with turther as a planta- 
tion tree in the Nilgiris, but the growth of the yoimg trees is very slow, and 
success is not anticipated. Has been tried in the Sirnla hills sinee 1909, and 
so far has done only moderately well from 4,000 ft. upwards. Occasionally 
seen on the plains of northern India (Lahore, Amritsar, Kapurthala, Changa 
Manga, Saharanpur, Luoknow). On the plainsthe success is variable and the 
growth is slow in youth. Parker says the growth is slow f or eucalyptus, but 
he records a tree 7 ft. in girth and rully 100 ft. high in Amritsar, the age of 
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which eould not have been more than lifty years, and may have been con- 
siderably less. Line sowings aiong witli lleld crops made at Dehra Dun proved 
suecessful in the earlier stages, a thick crop over G it. high having resulted 
after two ycars : the plants did not suner from frost, though in the very early 
stages mauy died of drought. The lines were, however, left nntended and the 
plants suffered from overcrowcling. Mowers December-January, Punjab 
(Parker). 

17. Euealyptus delegatensis, B. T. Balcer. Wlute ash. 

A tall tree with reddish stringy bark. Wood nssile, pale coloured, light, 
esteemed for indoor work. South-eastern part of New South Wales, Victoria, 
oti monntain ridges. Has been tried on the. plains of northeru India, but does 
not show much promise. 

13. Eucalyptus diyes, Schauer. Broaddeaved peppermint gum. 

A moderate-sizecl tree with very aromatic leaves. Bark rough on the 
stem, smooth aud yellowish on the branches. Timber of little value. New 
South Wales and Victoria, on poor rocky ground, usually on granitic rock. 
Has heen tried recently on the plains of northern Tndia, but gives little promise 
of success. 

19. Eucalyptus eugenioidcs, Sieber. White stringybark. 

A tall tree with dense dark shhhng EugeniaAike foliage and almost 
horizontal side branches. Bark thick and very stringy. Wood durable, fairly 
hard, easily worked, splits easily into shingles, slabs, &c. ; used also for fence- 
posts, bnilding, sleepers, paving-blocks, tlooring, and other purposes. Bark 
used for roofing and inner bark for mats and packing. South Queensland, 
New South Wales, and Victoria, growing gregariously for the most part on 
elevated poor ground but descending into sandy low land. The tree grows 
very well in the Nilgiris, reaching a size not attained in its natural home. 
Mr. R. Bourne gives the tbllowing : (1) Coonoor Peak, block I, compartments 
4 (girth 12 ft. 5 in.) and 30 ; (2) three or four rine specimens (one measured 
1 1 H ft. high and 10 ft. 7 in. in girth) in Botanieal gardens ; (3) Sim's Parrk (girth 
f> ft. <> i.n. and 7 i't. 4 in., height 8.I.J ft. and 95. ft. respectively) ; (4) helow 
Walthamstow ; (5) one hne specimen on the roadside near the lake below 
Woodcot ; (0) Keti, Snowdon, Aramby esperimental plantations. It has been 
tried in tJie Simla hills since 1909, and so far has done moderately well at 
<l,000-(>,000 ft. elevation. It has recently been tried on the plains of northern 
ludia, but does not give much promise of success. 

20. Eucalyptus eximia, Schauer. Whi.te bloodwood, nioimtain bloodwood. 
A tairly tall tree with dark foliage. Bark persistent, somewhat scaly or 

flaky, yellowish, verging into a browu or grey tinge. Wood soft, not durable, 
containing kino ; a good fuel. Has been tried in the Simla hills since 1909, 
aud has done well so far at elevations below 6,000 ft. Has reeently been 
tried on the plains of northeru India, but does not promise well. 

21. Eucalyptus Sciiolia, F. v. M. Scarlet-iiowered gum. 

A smali bushy tree with broad stih" leaves, dark above, paler below, and 
clusters of large handsome crimson ilowers. A very handsome tree, planted 
mainly for ornament. South-west Australia. Has been extensively planted 
for ornament in the Mlgiris. Bas recently been tried on the plains of northern 
India, but does not promise well. 
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22. Eucalyptus foecunda, Schauer. 

A slirub or-small tree with dark greeit idliage and darkish smooth bark 
shedding in eartdaginous lamellae. Wood hard and eiastio. Western AustraJia, 
chieny on limestone, but also on sandy pJains witJi a calcareous substratum. 
Grown in the Nilgiris, but rare ; Siiu'» Park (R. Bonrne). 

23. Eucalyptus Crlobulus, Labill. Blue gum. 

A very large tree, with a tall straight clean bole when grown undcr iorest 
conditions, but often tending to branch treely when grown in the open. Bark 
constantly decorticating in brown strips of varying Jength, showing the young 
smootb greyish or bluish white bark ; sometimes almost wholly pcrsistent, 
and often rough at the base of the stem. The tree can be rccognized by the 
quadrangular branchlets, tJie warty glandular calyx covered by a crown-shaped 
Jid, and the characteristic leaves of seecllings and young coppicc-shoots, which 
are opposite, sessile, cordate or cordate-ovate, covered with a bluish-white 
bloom and strongly impregnated with a gummy aromatic oil ; thc stems of 
seedlings ancl young coppiee-shoots are sliarply quadrangular. Primordial 
leaves are also produccd by adult treew which liave becn injured by lire or 
otherwise, and a burnt plantation has a characteristic silvery appoarance. Iu 
the Nilgiris ripc seed may be collected about May, but tlie seed does not fall 
naturally until about July-August. Samples of Nilgiri sced gave G,i500 to 
9,400 per oz. ; fresh seed gavc the highest percentage of iertility, that kept 
for onc year germinating fairly well, and tliat kept for two -years germinatlng 
poorly. Fertile aeed is produced at an early age : seed collectcd from 
coppice-shoots ninc years old in the NiJgiris in 1912 showed a fertility of 
47 per ccnt. 

The wood is hard, heavy, ancl strong, ancl in its native home is cou- 
sidered durable, though not among the most durable of eucalypt timbers ; it 
is much used for liouse-buikling (joists, rafters, &c.),'ship-buildhig, carriage- 
building, &c. in the Nilgiris it has an iudifferent reputation as tinibei', owing 
to its tendency to warp aud split, Imt iias proved to be fairly durablc and is 
usecl for fence-posts. Possibly its poor reputation is duc to somc extent to 
the employment of timber from imuiaturc trees, for in some cases timber of 
fair cpaality has been yieldcd by Iarge-sized trees. JSo far as Indian cxperience 
goes, however, therc is not at present sunicient justilication for planting the 
blue gum on au exicnsive scale as a timber tree, In the Nilgiris it is the 
principal source of fuel supply, ancL owing to its rapid growth and high yield 
it is eminently suitablc for cultivation as a i'uel tree. 

The taiue gum is a native of Tasmania, Victoria, and New South Wales, 
where it occurs cliieliy in the humid regions, in valleys as weli as ou ridgcs 
and mouutain slopes ; wliile common in most parts of Tasmania it is most 
plentitul in tlie south, but it does not ascend to alpino elevations. Thc blue 
gum has been more extcnsively pianted than any other eucalypt in extra- 
tropical regions throi.ighout tlie globe, its first introduction into southern 
Europe dating from tJie early part of last century. It was among the earliest 
of the eucalypts iutroduced into Inclia, probably about 1843, when the tirst 
attempts were macle to cultivatc these trees in the Nilgiris. 

The blue gum grows best in a moderately cool moist ecpiable olimate on 
deep fertile soil. It will endure excessive nioisture, though not thc equal of 
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E. rostrata in this respect : swampy ground, however, is not favourable to 
good growth. It is averse to calcareous and to saline soils. The seedlings 
are somewhat sensitive to frost and drought, and even in the Nilgiris, where 
the winter cold is by no means intense, they require to be protected irorn 
frost for the nrst year after planting out. The adult trees also do not stand 
severe frost or drought. 

The blue gum has been tried from time to time in all kinds of localities 
throughout India, and from the experience gained it may be laid down that 
it is totally unsuitable f or cultivation on the plains, or indeed at any elevation 
much below 4,000 ft. It has even been tried on coast sand in Madras, but 
needless to say the attempt was a complete failure. It has been planted in 
varioua parts of the Himalaya and has succeeded tolerably well in several 
places, particularly where the climate is not too severe, but it is very liable 
to breakage by snow, for which reason it is unsuitable for cultivation at 
altitudes where the snowfall is at all heavy. Prior to the abnormal frost of 
1905 it was one of the eommonest species grown at Abbottabad (4,000 ft.), 
but it was severely injured in the great frost, and many trees which had been 
killed outright were ielled ; there are now far fewer specimens there, and 
those which existed prior to 1905 are all injured. Experiments within recent 
years have shown that it grows wcll in the Simla hills at 4,000-7,000 ft. 
elevation. In Buima it has proved a failure at Maymyo (3,500 ft.) but has 
suceeeded in the hills of the Ruby Mines district. It grows well at Shillong 
in Assam. It is in the Nilgiris, however, that tliis tree grows to the greatest 
pcrfection ; it has been extensively planted at clevations varying from 5,000 
to 8,300 ft., and is of paramount importance as a fuel-producing species. The 
climate of the Nilgiris has been described on pp. 558-9 : being cool, ecraable, 
and moist it is an ideal one for the growth of the blue gum, while the red 
elayey soil overlying gneissic rock, and remarkably free from lime, appears to 
be specially favourable to the growth of the tree. The Niigiri plateau is hilly 
to undulatiiig, and consists largely of open grassy downs with sholas, or patches 
of dense evergreen forest of rather small-sized trees, occupying the more 
1'ertile hollows and ravines. Blue gum plantations have been formed both 
on grass-land and on s7iok-land, and the latter being more lertile the growth 
on this type of land is superior to that on the grass-land. 

The blue gum plantations of the Nilgiris are worked mainly as simple 
coppice, the rotation adopted for some timc past being ten years, but under 
the latest revised working plan L it has been raised to tilteen years, this 
rotation being iikely to lurnish a higher yield. Some of the plantations in 
the less accessible situations have remained as high forest, and these give 
some idea of the large dimensions attained by this tree. Coppice-with- 
standards was tried at one time, but the standards were 1'ound to interlere 
with the development of thc coppice, and the system was therefore abandoned : 
some of the coppice-with-standards coupes have been allowed to grow up into 
Mgh forest. The coppicing power of the tree is remarkable, numerous shoots 
being sent up both from the cambium round the top of the stool and from 
the periphery of the stool lower down, but chicfiy from the latter ; a callus 
forms over the top of the stool and may cover it completely in a few years. 
1 Worldng Plan for tha Nilgiri Plantations, S. Cox, 1913. 
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Fig. 219. Eucahjpl.us Globulus coppice 011 s/ioJa lancl, age 4 years, 
lieiglit 45 J ! fc., Goonoor Peak plantation, Nilgiris. 
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The vitality of the stools is considerable, for there are several coupes in the 
Nilgiris already in their fourth rotation, the last two rotatious being ten years 
and the lirst generally longer, and the stools are apparently as vigorous as 
ever. The young coppiee-shoots grow rapidly, reacliing a height of 3 or 4 ft. 
or more in a few months. Eig. 216 shows a young coppice coupe, with the 
characteristic opposite pale bluish green primordial leaves, and Eigs. 217 and 
218 show older coppice coupes of the grass-land type, where there is little 
undergrowth except grass. The estremely rapid growth of coppice on shoki- 
land is shown in Fig. 219, which represents coppice four years old and 45 ft. 
high. The young coppice-shoots thin themseives out rapidly, the average 
number per stool at five years of age being about 3, while evcn up to twenty- 
five years of age it varies ordinarily froru 2 to 3. 

The dimensions attained by individual trees iu the Nilgiris may be 
exemplified by the following measurements made by me in 1912, it being 
understood that where the age is unknown none of the trees can be more 
than sixty-nine years old : (1) Woodside, isolated tree, age unknown, girth 
19 ft. 2 in., height 138 ft. ; (2) Tudor Hall, more or less isolated, age unknown, 
girth 12 ft. 7 in., height 150 ft. ; (3) Brooldands plantation, age fifty years, 
trees in open crop, rather branchy, without much height-growth, iuaximuni 
girth measured 15 ft. lin. In 1905 Mr. Uowley-Brown mcasured a tree oa the 
Woodcot estate fifty-one years of age with a height of 166 ft. and a girth of 
18 ft. 10 in. 

Excellent growth is also shown in the high 1'oreat plantations of the 
Nilgiris, but as most of these have not been regulaiiy thinned and have beoome 
congested, the girth increment and volume production are not what they 
would otherwise have been. Eigs. 220 and 221 show two typical high forest 
plantations of very good ouality, the former (Aramby) thinned and the latter 
(Mutinad) in need of thinning. In the former partieularly the dimensions 
attained are remarkable ; the age in 1912 was forty-nine years, the average 
and maximum girths were 6 ft. 9 in. and 11 ft. 6 in. respectively, and the 
average and maximum heights were 175 and 185 ft. respectively. The 
Aramby plantation consists of standards in formcr coppice-with-standards, 
and the trees have had free growiug space throughout. the grcater part of 
their life. 

A series of raeasurements in coppice and high forest crops was carried out 
in the same year in the blue gum piantations of the Nilgiris, and the results 
are summamed below. 1 The coppice hgures may be regarded as giving a very 
fair general average, since they are based on numerous measurements in crops 
of various ages : the high forest ilgures, however, are given for individual 
crops only, since the number of crops of diilerent ages was insuthcient 
to give general averages, while the absence of regular tliinnings in the 
past prevents a true idea of the development of most of the crops being 
arrived at : 

1 See my note on the Blue Gum Plantations of the Nilgiris, Ind. For. Eeoords, vol, v, pt. ii, 
1913. 
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1. Eiimlyptua Glob-idm : girtii and heiglit measurementa, Nilgiri puuitations. 



Ago. 
years. 



10 
15 
20 
25 



30 
30 



35 
37 
40 
40 



Mean girth. Mean lieiglit. 

General General 

average, average, 

Grass- Shola- shola- ancl Grasa- Shota- ehola- and 
land. lnnd. grass-land. land. land, grass-land. 
in. iu. in. ft. ft. ffc. 



Rcmarks. 



9-0 
13-8 



Coppice : general avorages for stems of all stees. 

0'8 30 .. 33 

17-2 56 .. 61 

21-4 74 

23-8 . . . . 81 

25-2 . . . . 85 



42-0 



42 
49 



31-0 
47-0 



65-7 
56-0 
89'0 

58-0 
81-0 



115 



High forest : indiviclual meaRuremonts of plantatious, not geueral averages 

Mutinad, unthimied plot : dominant treea only. 
Mutinacl, thinned plot : average of treea lel't a[[;«r thiu- 

ning, including both dominant aud doiiiiiuilud stemi 

Eg. 221 ahows thia orop boforo thinumg. 
Little Rallia : ouality poor. 
Yeppakuchy. 
Rallia. 
Coonoor Peak, uompt. 9: atandards in ionnor coppice- 

witli-standards. 
Newman. 
Aramby, II, 5 : atandardsi in former uoppioc-with- 

standards, see lTig. 220. 



163 
143 



172 
156 
162 

158 

175 



2. E'iimlyplm Crlobuhii : number of stems and volume production aud inuremont. per auro, 

Nilgiri plantations. 
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stems 








Mean a 


nuiial inerement per 
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[Lcrc, 
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aore, solid volume. 




















Genoral 




















average, 










Grass- 


Shola- 


Gcueral avemce, 


Grass- 


Shola- 


grass- anc 










land. 


land. grass- & s/ioto-laud. 


land. 


land. 


s/jo&j-land 






Domi- 


Total 














Itemarks. 




naut 


of »11 


Solid 


Solid 


(-iolid Stackcd 










Ago. 


only. 


elaaacs. 


vol. 


vo'J. 


vol. vol. 










years 






cub.it. 


culj. ft. 


cub. ft. cub. £t. 


eub. ft 


cub. Et. 


cub. ft. 










Coppice : general averages. 










5 




2,080 


.1,270 




1,700 2,576 


271 




340 




10 




880 


3,230 




4,850 7,348 


360 




485 




15 




590 






8,050 12,197 






537 




20 




470 






11,200 16,970 






560 




25 










14,400 21,818 
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High forest : iudiviclual 


erops, not geuaraJ 


avoragea. 






30 


94 


526 




14,212 






474 




Mutinad, unthinnod plut. 


30 


174 l 


628 




15,822 






527 




Mutinad, tliiunod plot, l«forc 
thinning: see h'j"g. 221. 


35 




72(1 




10,212 






291 




Little Rallia : qualiiy poor. 


37 




228 




11,843 

13,750 

3,992 






320 
344 
100 




Yeppakuchy. 
Buoalyptus j 
Amcia Mdawnujlou \ Uallia. 


40 


302 - 


580= " 


Total 


2,090 
19,832 






52 
496 




Shoh, trees. ] 

/Ooonuor Peak 










14,010 






350 




Standards 


compt. 9 : iormer 


40 


40 


190 




2,470 






112 




Coppice 


coppiec-with-stan- 








Tolal 


16,480 






462 




Idards. 


42 




544 




14,195 






338 




Newiuan. 


49 


si 






12,704' 






259 




Aramby, 11, 5 : standacds iu 
former ooppiee-with-stau - 
darda : see Pig. 220. 
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Trees leffc after 


thinning : these inehido somo dominatcd stema. 


• Euoalyptus onlv. 
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aud sliola trees 








4 15,606 cub. fl 
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FrG. 220. EucalypUis Globulus plantation on siWa. land ; agc 49 years ; girth 
avorage G ft. 9 in., maximum 11 ft. 6 in., heiglit average 175 ft., maximum 185 ft. ; 
trees per acre 51, solid volume per aore 12,704 oubic ft., Aramby II. 5 ; Ootacamund. 
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Fig. 221. Eucalyplus Globulus high forest plantation, beforc thinning ; age 30 
years ; after tliinning, mean girth 3 ft. 11 in., mean height 143 ft. ; before thinning, 
stems per acre 628, solid volume per acre 15,822 cub. ft., Mutinad plantation, 
Nilgiris. 
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Tlie following tables showing form factors and bark allowances havc 
been compiled froin the nieasurements macle in 1912 : 

: form factors, Nilgiri plantations. 
Bernarks. 

Average of 179 felled trees. Jbrni faetor, f, 

v 
obtained from the formuJa /= -; , where v = 

volunie of tree ineluding bark, *=sectional area 
at breaat height, and ft = total height of tree : 
a and v obtained from true sectional area, nr 2 . 

4. Eucalyptus Globulus : allowance for bark thickness, Nilgiri plantations. 



3. 


Eucalyptus Olobulus 


Height. 

ft. 
30-50 




Eorm factor. 
0-55 


51-70 




0-54 


71-100 




0-53 


over 100 




0-51 







Average alloTrance for 


Cotal girth of tree 


Average thieknesa 


bark in girtli 


includmg bark. 


of bark. 


measurements. 




in. 


in. 


TJnder 6 in. 


0-1 


0-6 


6in.-llin. 


0'25 


1-6 


1 ft.-l ft. 11 in. 


0-4 


2-5 


2 ft.-2 ft. 11 in. 


0-6 


3-S 


3 ft.-3 ft. 11 in. 


0-8 


5-0 


4 fl.-4 ft. 11 in. 


0-9 


5-7 


5 ft.-5 ft. 11 in. 


1-2 


7-5 


6 ft.-6 ft. 11 in. 


1-3 


8-0 


7ft.-7ft. 11 in. 


1-35 


8-5 


8 f t. and over 


1-4 


9'0 



24. Eucalyptus gomphocephala, DC. Tooart. 

A tall fairly shady tree. Bark persistent, rough and dark on old stems, 
greyish and smooth on younger stems and branches. Wood hard, strong, 
heavy, durable, dimcult to split, used for ship-building, piles, bridge-construc- 
tion, and other purposes. Western Australia, near the coast on limestone 
formation. Has been tried since 1909 iu the Siinla hills, and so far has done 
moderately well below 6,000 ft. Has recently been tried at Lahore and has 
succeeded tairly well hitherto, reaching a height of 16 ft. in four years. 

25. Eucalyptus goniocalyx, F. v. M. Mountain gum, spotted gum of 
Victoria. 

A very tall tree, in rich valleys attaining 300 ft. in height, but often 
much smaller and tending to branch low. Bark persistent, wrinkled or hssured, 
but somewhat variable. Wood hard, tough, and durable, ditScalt to split, 
used for boat-building, construction, wheel-work, posts, &c. Victoria and 
New South Wales ; a rough-barked variety grows on low diy and stony ranges, 
and a taller variety with smoother bark is found in hilly country up to 3,000 ft., 
descending into wet valleys. Not usually gregarious. Has been tried since 
1909 in the Simla hills, and has succeeded moderately well at elevations below 
4,000 ft. Has been tried on the plains oi northern India, but without success. 
It has recently been tried at Mercara in Coorg, and shows some promise. 

26. Eucalyptus Gunnii, Hook. Swamp gum, cider gum. 

A tree reaching large dimensions, but often crooked, and sometimes 
stunted. The leaves have not the strong aromatic odour characteristic of most 
eucalypts, and are therefore readily browsed by cattle and sheep. Bark 
constantly exfoliating in long strips, esposing the younger whitish bark. Wood 
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harcl ancl of good cmality, but straight stenis are not always availa"ble ; usually 
splits with dimculty. South Australia, Victoria, New South Wales, and 
Tasmania, on alhwial nats, particularly in swampy places, but also on moist 
hill-sides and mountains, ascending in a dwari state to 5,500 ft. A hardy 
species, standing a consiclerable degree of 1'rost. It is cultivated in the Nilgiris ; 
Mr. R. Bourne gives the Mlowing : (1) Sim's Park, Forest Lodge ; (2) Botanical 
gardeus, Ootacamund, No. 16, girth 4 it. 2 in., height 63 ft. 6 in. ; (3) Cairn 
Hill, block III. It has been tried in the Simla hills since 1909, and has done 
well at elevations of 4,000-7,000 ft. and moderately well under 4,000 ft. It 
has been triecl on the plains of northern India, but without success. 

27. Euealyptus haemastoma, Smith. White or scribbly gum. 

A iairly tall slender erect tree with rather broad peppermint-scented 
leaves. Bark very white. Wood not of great value, not durable : a fair fuel. 
South Queensland, New South Wales, Victoria, and Tasmania, often on poor 
ground. Has been tried without success in the Simla hills and on the plains 
of northern India. 

28. Euealyptus hemiphloia, F. v. M. White or grey box. 

A moclerately tall tree with drooping foliage. Bark peeling off in long 
strips. Wood strong, hard, tough, close grained, and durable, used for posts, 
building, wheel-work, tool-handles, &c. South Queensland, sometimes extend- 
ing into the tropics, New South Wales, Victoria, and South Australia, some- 
times on Aats but usnally on rough dry hills or ridges. Not particular as to 
soil or climate. It is growii in the Nilgiris, where it is only a small tree. 
Mr. R. Bourne gives the following : (1) Sinrs Park ; (2) below Oluny Hall, 
one tree measured 3 ft. in girth and about 35 ft. in height ; (3) St. Thomas's 
churchyard. It has been tried since 1909 in the Simla hills, and so far has 
done moderateiy well at elevations below 7,000 ft. It has recently been tried 
at Lahore, and has shown promise during the nrst few years, having reached 
a height of 22 ft. in four years. 

29. Eucalyptus Kirtoniana, F. v. M. 

A large tree with rough somewhat ubrous bark. According to Maiden 
this is a variety of E. resini/era, Smith, but whereas the latter cannot be grown 
on tho plains, E. Kirtoniana has been grown successfully at Lahore and 
Saharanpur. Aecordihg to Parlcer it does well pn the plains provided it gets 
a good deal of moisture. There are a number of specimens in the grounds of 
the Punjab Club at Lahore. Plowers October-November (Parker). 

30. Eucalyptus LeucoxyIon, P. v. M. Victorian ironbark, white gum of 
South Austrsdia. 

A tree sometimes reaching a large size but usually crooked and of small 
size, with pendulous : branchlets. Bark persistent, deeply hssured, very hard, 
and dark coloured ; a variety has the stem pale and smooth through the 
outer bark falling. The bark is rich in kino. Wood very hard, durable, and 
strong, used for wheel-work, shafts, railway sleepers, paving-blocks, axe- 
handles, &c. South Australia, New South Wales, and southern Queensland. 
The ironbark variety with persistent furrowed bark occurs chiehy on stony 
ridges or mountains of sandstone and slate tormation. The white-barked 
variety occurs on alluvial plains aro.uncl Adelaide. It has a wide range of 
climate and will grow even on poor soil. According to von Mueller it is one 
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of the best euealypts for a moist tropical climate. Tbere are speciniens in 
the Nilgiris, but they have attained only small size. Mr. R. Bourne gives the 
following : (1) Government gardens, Ootacamund ; (2) >Sim's Park, compart- 
ment 1; and (3) along Walker's Hill road, where it forms a hanclsome avenue. 
It has been tried since 1909 in the Simla hills, and has done well so far at 
elevations below 4,000 ft. 

31. Eucalyptus longiMia, Link and Otto. Woolly butt. 

A large handsome tree with drooping foliage which turns a pink colour. 
Bark persistent, greyish brown, nbrous, very thiek. Wood more useful for 
fuel than for timber ; used for fence-posts. Yictoria and New South Wales. 
It is grown in the Nilgiris, attaining a fair size. Mr. E.. Bourne gives the 
f ollowing : (1) Sim's Park ; (2) Botanical gardens, Ootacamund : two trees 
measured, (i) girth 10 ft. 2 in., height 95 ft. 6in., (ii) girth 7 ft. 6 in., height 
113 ft. 10 in. It has been tried in the Sirnla hills since 1909, and has done 
well so far at elevations below 6,000 ft. It has recently been tried on the 
plains of northern India, but does not show much promise. 

32. Eucalyptus macrandra, F. v. M. 

A shrub or sniall tree with smooth bark, a native of Western Australia. 
Has been tried recently on the plains of northern India, but has not shown 
much promise. 

33. Eucalyptus Macarthuri, Deane and Maiden. Paddy's E.iver box. 

A moderate-sized tree with rough bark. A native of New South Wales, 
preferring low swampy situations. Has recently been tried on the plains of 
northern India, but has not shown much promise so far. 

34. Eucalyptus rnacrocarpa, Hook. 

A large shrub, mealy all over with a whitish bloom, leaves opposite, 
sessile, lobed at the base. Plowers large and handsome with orange or crimson 
stamens. Western Australia, in dry scrub forests. Has recently been tried 
on the plains of northern India, but does not promise well. 

35. Eucalyptus macrorrhyncha, 3?. v. M. Victorian stringybark, red 
stringybark. 

A tree sometimes attaining fair dimensions but usually of moderate size, 
with handsome drooping foliage. Bark persistent, grejdsh brown, thick, deeply 
hssured, stringy, used for roohng. Wood hard, durable, easily split, used for 
shingles, fencing, and boarding. South Australia, Victoria, and New South 
Wales, on comparatively sterile ridges and ranges, often gregarious, frequently 
mixed with E. obliqua, not usually ascending to any great elevation. It is 
grown iu the Nilgiris. Mr. B,. Bourne gives the following : (1) Sim's Park ; 
(2) Botanical gardens, Ootacamund, No. 13, height 75 ft., girth 9 ft. 4 in. 
It has been tried in the Simla hills and also on the plains of northern India, but 
so far has proved unsuecessful. 

36. Eucalyptus maculata, Hook. Spotted gum, including var. citriodora, 
Bailey (Syn. E. citriodora, Hook.), lemon-scented gum. 

A tall straight clean-boled tree. Seedhng leaves peltate at the base, rough 
with reddish hairs. Var. citriodora is distinguished from the normal variety by 
its strongly Iemon-scented leaves. Bark smooth, whitish to reddish grey, 
falling off in patches, leavmg an indentation where each patch was peltately 
attached and giving a spotted appearance to the stem. Wood strong, tough, 
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elastic, and durable, liable to warp in drying, easily split, used for wheel-work, 
carriage-building, tool-handles, ship-building, wood-paving, sleepers, &c. New 
South Wales and (Jueensland, the lemon-scented variety in Queensland. In 
its home it occurs usually on hiUy ground. Outside its habitat it has been 
found incapable of resisting severe frost or excessive drought. It does best 
with considerable soil moisture, but will grow on fairly dry ground. In the 
severe frost of 1905 at Lahore young plants were Idlled but new shoots were 
sent up from the base ; nursery plants at Dehra Dun are apt to be a£Eected 
by frost in the winter unless protected. This is the species (var. citriodora) 
most comrnonly planted at Saharanpur and Dehra Dun, where it grows well 
and rapidly, though it runs to height rather than to girth. An avenue of 
this speeies was planted in the Eorest Research Institute grounds at Dehra 
Dun in 1914. It also grows well at Lucknow and other stations of northern 
India. In the Punjab it is less common ; seedlings are somewhat dimcult to 
raise at Lahore. It is fairly common at Abbottabad. There are several 
specimens in the Nilgiris : Mr. R. Bourne gives the following : (1) Sim's Park, 
a specimen in the front of the Lodge ; (2) in Mr. C. Mackenzie's garden at 
Ootacamimd ; (3) Botauical gardens, Ootacamund, girth 4ft. 4in., height about 
70 ft. ; (4) Sim's Park, compartment 1, infront of Forest Lodge ; (5) a solitary 
specimen growing in the Moyar iorest by the side of the Masnigudi-Tappacadu 
road, where it seems to be thriving fairly well. It was tried in 1913 at Mercara, 
Coorg, and so far has proved one of the best species experimented with, having 
attained a maximum height of 21 ft. and a maximum girth of 7 in. in three 
years. Tliere are some trees at Maymyo in Burma, planted about 1893 and 
doing well. Plowers Eebruary-March, Punjab (Parker). 

37. Eucalyptus Maideni, F. v. M. 

A tall straight tree with smooth white or bluish bark. New South Wales, 
at 1,000-2,000 ft., often on steep slopes. It has been tiied siuce 1909 in the 
Simla hills, and has done well at 4,000-7,000 ft., and moderately well under 
4,000 ft. elevation. 

38. Eucalyptus marginata, Smith. Jarrah. 

A large tree, averaging 100 ft. and reaching 150 ft. in height, sometimes 
buttressed at the base. Bark persistent, greyish brown, somewhat hbrous. 
Wood extremely durabie, though not by any means the strongest of eucalypt 
timbers. It lasts for a long time under various conditions, not only in or on 
the ground, but also under water, and is said to be immune from the attacks 
of teredo in the sea. One of the best known timber trees in the world : wood 
largely used for piles, construction of all kinds, railway sleepers, paving-blocks, 
ship-building, &c. Jarrah sleepers have been imported into India in quantity 
for several years past. It occupies an area estimated at 8,000,000 acres in 
the south-western part of Western Australia, growing gregariously and at its 
best on hilly country on granite and ironstone, whUe on the sandy plains near 
the coast it is scattered ancl inferior in quality. Tts region has an average 
rainfall of 30 to 40 in., and is peeuliar in having regular winter rains from 
April to October. Where tried outside its habitat it has been found to be 
readily affected by frost, and to be unsuited for dry soils, requiring a moist 
but weU-drained soU. Its introduction intd India has been attempted from 
time to time, but so far as is known it has not yet been successfully estabUshed. 
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It has beeii tried and found quite unsuitable for the plains of northern India. 
At Lucknow it was found incapable of standing the rains. Brandis reported 
in 1876 that it was cidtivated in the Nilgiris, but no specimens are known 
to exist there now. Seed was sown in 1909 in the Sanyasimalai plantation, 
JSTorth Salem, Madras, at an altitiide of 4,000 ft., and the seedlings are reported 
to have done well during the nrst year, but no further reports are available. 

39. Eucalyptus melanophloiaj F. v. M. Silver-leaved ironbark. 

A tree with a spreading crown and opposite sessile silvery leaves. Bark 
dark, rough. Wood liard and close grained. New South Wales, Queensland, 
in open country. This species is grown in Lahore, Changa Manga, Agra, and 
Saharanpur. When young it is apt to grow sphidly and requires staking. 
Given suincient water the growth is fairly fast ; at Lahore young plants 
reached a height of 24 ft. in four years. It stands drought well. Plowers 
May-June, Punjab (Parker). 

40. Eucalyptus melliodora, A. Cunn. Honey-scented gum, yellow box. 
A moderate-sized tree, occasionally attaining large dimensions, with 

pendulous branches and slender branchlets. Bark brownisli grey outside, 
yellow inside, more or less persistent. Wood yellowish, very hard, heavy, 
tough, and durable, used for wheel-work, posts, &c, but not'very suitable for 
sawing into planks ; an excellent fuel. Victoria and New South Wales, chieny 
on ridges but descending into valleys. Will live on poor soil. Has been tried 
since 1909 in the Simla hills, and has d.one moderately well at elevations below 
6,000 ft. Recently tried at Lahore, and has shown promise cluring the iirst 
few years, having reached a height of 25 ft. in four years. 

41. Eucalyptus microcorySj F. v. M. Tallow-wood, wangee. 

A large tree with reddish nbrous persistent bark. Woocl very tough and 
. durable, usecl for house- ancl ship-building, sleepers, wheel-work, &c. New 
South Wales and soiathern Queensland, on arid or sandy hills, on the coast 
sicle of the ranges. Comparatively rare in the Nilgiris : Sim's Park, a good 
specimen above the drive to Sim's Park Lodge (R. Bourne). Has been tried 
since 1909 in the Simla hills, and so far has done moderately. well below 4,000 ft. 
Has recently been triecl with some success at Saharanpur. 

42. Eucalyptus miniata, Cium. 

A very ornamental tree with red ilowers. Bark with external appearance 
and iracture resembling mica-schist. North Australia and Queensland. Nil- 
giris, in Sim's Park reserve (R. Bourne). 

43. Eucalyptus Muolleriana, Howett. Yellow stringybark. 

A tree often attaining 60 ft. in height, with straight massive bole and 
moderately spreading branches, Bark dark grey, nbrous, Sssured. Wood of 
good quality, nssile, very dmable. South Australia, Victoria, and ISTew South 
Wales, usually on broken country, preferring the taluses of hills on moderately 
goocl soil and avoiding exposed situations (Maiden). It has been tried experi- 
mentally in the Simla hills since 1909, but has proved unsuitable for intro- 
duction on a large scale. It has also been tried recently on the plains of 
northern India, but does not show promise. 

44. Eucalyptus obcordata, Turcz. Syn. E. Platypus, Hook. 

A large shrub or small tree with broad leaves with wavy margins and 
very broad nattened nower-stalks, Bark smooth, greyish. Western Australia, 
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often forming almost impenetrable thickets. Has recently been tried on the 
plains of northern India, but gives little promise of success. 

45. Euealyptus oblitpaa, L'Hĕrit. Stringybark (South Australia . and 
Tasniania), messmate tree (Victoria). 

A very tall straight tree, attaining a maximum height of about 300 ft. 
Eark persistent, very nbrous, greyish outside, brownish red inside, rather soft. 
Wood not very durable but much used, owing to its abundance, f or rough 
building purjioses ; very hssile, and extensively split into palings, shingles, &c. 
It is said to be an indiSerent fuel, but this has not been found to be the case 
in the Nilgiris, where it is much used. The bark is used for roohng. South 
Austraha, Victoria, New Soutli Wales, and Tasmania, one of the commonest 
and most gregarious of the eucalypts, forming vast forests and extending to 
high but not to alpine elevations. It does not stand drought. After E. Globulus 
this is one of the commonest species in the Nilgiris, where it reaohes large 
dimensions. It was tried at Saugor in the Central Provinces in 1874-6, but 
failed. It has been tried in the Simla hills at various elevations, but so far 
has not proved successful. It has failed hitherto on the plains of northern 
India, but recently it has given more promise of suocess in the early stages 
at Saharanpur. 

Eucalyptus obtusirolia, DC, see 74. E. virgala, Sieb. 

46. Eucalyptus occideutalis, Endl. Elat-topped yat. 

A moderate-sized tree, attaining fairly large dimensions in favourable 
loeahties, but often little more than a shrub. Wood hard and strong, used 
for wheel-work. Western Australia, on elayey as well as on sandy soil, and 
also in wet places. Has recently been tried on the plains of northern India, 
but does not show much promise. 

47. Eucalyptus paniculata, Smith. White ironbark. 

A moderate-sized tree, attaining a height of 60 to 70 ft. Bark persistent, 
hard, rough, brown. Wood strong aiid very durable, much used for wheel- 
work, carriage-building, constructiou, sleepers, posts, &c. Chiehy in New 
South Wales in the coastal regions ; also in Victoria. It can stand poor dry 
soil but not excessive heat or drought. There are specimens iri the Nilgiris : 
Sim's Park, Porest Lodge (R. Bourne).' It has recently been tried experi- 
mentally for plantation work in those hills, but so far the growth has been 
slow. It has been tried since 1909 in the Simla hiils, and has done wellhitherto 
at elevations bclow 4,000 ft. It has been grown for some time at Saharanpur, 
and there are a few trees at Ohanga Manga. Elowers September-October, 
Punjab (Parker). 

48. Eucalyptus patentincrvis, R. T. Baker. Bastard mahogany. 

A large tree with angular branchlets and bark resembling that of some 
species of pine. New South Wales. Has recentiy been tried at Dehra Dun 
and has established itself, but has not been tried long enough to give detinite 
results. 

Eucalyptus paucinora, Sieb., see 12. E. coriacea, A. Cunn. 

49. Eucalyptus pilularis, Smith. Blackbutt. 

A very large tree. Bark persistent at the base, greyish, hbrous, and rough, 
iaihng off in strips from the upper part of the trunk and branches. Wood 
hard, tough, and durable, usecl for building, ship-bnilding, paving-blocks, 
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posts, &c. Queensland, New South Wales, and Victoria. Usually a mountain 
tree, but sometimes found on level ground along rivers ; prefers a damp 
climate and a moist rich soil. It is not common in the Nilgiris, and does not 
attain the large dimensions reached in its native home : Mr. R. Bourne records 
a tree in Sim's Park 116 ft. high and 5 ft. 6 in. in girth. It is being further 
experimented with in the Nilgiris as a plantation tree, and so far has. shown 
promise. It was tried at Mercara, Coorg, in 1913, and has done well so far. 
It has proved a failure in the Simla liills and on the plains of northern India. 

50. Eucalyptns piperita, Smith. Sydney peppermint. 

A moderate-sized tree, closely akiu to E. pilularis, but with rougher bark 
extending to the branches. Wood said to be of inferior quality. Victoria, 
New South Wales, and Queensland, on rather poor ground. Has been tried 
in tlie Simla hills and on the plains of northern India, but without success. 

51. Eucalyptus Planehoniana, E. v, M. 

A moderate-sized tree with angular branchlets and rlattened petioles. 
Bark persistent, more or less Ĕbrous. Wood hard and heavy, used for house- 
building. Local in southern Queensland and New South Wales on sandy or 
rocky ridges. Has been tricd since 1909 in the Simla kills and has done 
moderately well betweeu 4,000 and 6,000 ft. elevation. Has recently been 
tried on the plains of northern India, but does not promise well. 

Eucalyptus Platypus, Hook,, see 44. E. obcorclata, Turcz. 

52. Eucalyptus ptychocarpa, F. v. M. 

A moderate-sized tree with persistent greyish, wrinkled, somewhat nbrous 
bark, ornamental red Aowers, and longitudinally ridged iruits. North Australia, 
along rocky streams and dry watercourses. Nilgiris: (l)CairnHill; (2)plentiful 
along the Walker's Hill road in Coonoor ; (3) two or three fine specimens along 
the Ghat road from Aravankadu to Wellington (R. Bourne). 

53. Eucalyptus pulyerulcnta, Sims. Silver-leaved stringybark. 

A small scraggy tree with bluish white glaucous opposite sessile leaves 
and grey stringy bark. Wood brittle and twisted. Victoria and New South 
Wales. It has been grown to a small extent in the Niigiris : Mr. B. Bourne 
gives the following : (1) Botanieal gardens, Ootacamund ; (2) Cluny Hall 
compound ; (3) in a small plantation above the Sigur Ghat road, just beyond 
the junction of the Lascelles and Sigur roads. 

54. Eucalyptus punctata, DC. Leather jacket, hickory gum. 

A moderate-sized to large tree of spreacling liabit, with dark rongh bark. 
Wood hard, tough, extremely durable, dimcult to spht, used for sleepers, 
tence-posts, wheel-work, building. &c. ; agoodfuel. New South Wales, usually 
in dry rocky places. It is grown in the Nilgiris (Sim's Park), and is receiving 
a further trial there as a plantation tree, showing good promise so far. It 
was tried at Mercara, Coorg, in 1913, and has proved successful in the eaiiy 
stages. It has been tried in the Simla luils since 1909, and lutherto has suc- 
ceeded moderately well at elevations below 4,000 ft. Recently it has been 
tried along the railway between Lakhsar and Hardwar, and so far has done 
well on dry stony ground. 

55. Eucalyptus redunca, Schauer. Wandoo, white gum (Western 
Austraha). 

A large tree with persistent smooth white bark. Wood hard, heavy, 
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durable, and very tough, much in demand for building, wheel-work, shafts, 
and tool-handles. Western Australia, forming extensive forests and more 
plentrttd in the south-western parts of Australia than any species except 
E. marginata. It grows on hill slopes and on ilats, being content with poor 
soil and even badly-drained ground. It is grown in the Nilgiris (Sim's Park), 
but is apparently uncommon (R. Bourne). 

56. Eucalyptus regnans, P. v. M. See under 3. E. amygdalina, Labill. 
Trees raised from seed imported under the name E. regnans have been 

under trial since 1909 in the Simla hills, and so far have done moderately well 
from 4,000 to 6,000 ft. elevation. This species has also recently been tried on 
the plains of northern India 3 but does not promise well. 

57. Eucalyptus resinilera, Smith. Red mahogany. 

A large tree, forming a tall straight clean bole. Bark rough, nbrous, 
persistent, decorticating on the branches, deep reddish brown in the young 
trees, changing to hght grey and brown on older stems. Wood a rich red 
colour, strong and durable, used for piles, fence-posts, and building. The 
tree exudes kino. New South Wales and southern Queensland, not extending 
far inland. It prefers a moist semi-tropical climate, growing best on deep 
fertile ground ; it will grow on a variety of soiis, including poor gravel and 
sand, and is drought-resistant, but will not stand badly-drained swampy 
ground. It has proved exceptionally frost-resistant iu Elorida, having with- 
stood temperatures of 19° P. without damage. 1 It is grown in the Nilgiris 
(Sim's Park), but is apparently rare (R. Bourne), It has recently been under 
trial in the Sanyasimalai plantation, North Salem, at an elevation of 4,000 ft. 
Its cultivation has been attempted in the Simla hills sinee 1909, so far with 
moderate success at elevations below 4,000 ft. It has been tried on the plains 
of northern India, but without success : a species introdueed about 1865 and 
successfully cultivated at Lucknow under the name of E. resinifera was in 
1S76 rinally determincd to be E. saligna, Smith. Mr. R. N. Parker notes that 
for many years E. roslrata and E. tereticornis have been distributed from the 
Agri-Horticultural Gardens, Ijahore, under the name of E. resinifera. This 
species has done 1'airly well at Maymyo in Burma (elevation 3,500 ft.). It was 
tried in the Andamaus in 1914, and showed some promise after the nrst year. 
It has been found to do well in the neighbourhood of Mercara in Coorg, at 
4,000 ft., in places sheltered from the force of the south-west monsoon, and it is 
proposed to plant such areas with this species for the fuel supply of Mercara. 

58. Euealyptus robusta, Smith. Swamp mahogany. 

A moderate-sized to large tree with stout angular branchlets, large leaves, 
and somewhat spreading habit, maldng it suitable as a shade tree. Bark 
persistent, wrinkled, and somewhat furrowed, grey outside, sometimes turning 
a rusty colour. Wood rather brittle, dimcult to spht, fairly durable, used 
chieiiy for building. New South Wales and Queensland, growing best in 
regions not far from the sea. This tree prefers moist situations, but will grow 
under a variety of conchtions ; it is particularly well adapted for thiiving in 
badly-drained swamps, though not quite so tolerant of swamjjy ground as 
E. rostrata. It is somewhat sensitive to frost. The growth is fast. There are 

1 Eucalypts in Hoiida, R. Zon and J. M. Briscoe, U.S. Dept. of Agriculture, Jbr. Serv. BulJ., 
No. 87, 1911, p. 21. 
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a few trees in the Nilgiris. Mr. Bourne records two in Sim's Park: (]) girth 
9 ft. 9 in., height 60 ft. ; (2) girth 7 ft., height 80 ft. He states that no trace 
of this species can be found in tbe plantations, ancl where references to it are 
made in old records E. obliqua was evidently meant. It is grown in various 
parts of the plains of northern India and in the sub-Hiinalayan tract, where 
it is wortb growiug only in moist situations, being unsuccessrul in even 
moderately dry places ; young plants grow vigorously, but older trees often 
become misshapen and ugly. It was recently tried in mangrove swamps in 
the Andamans, but was unable to stand the salt water , it showed some 
promise during the first year on ground farther inland. 

59. Eucalyptus rostrata, Schlecht. Bed gum. 

A large tree" attaining a large girth, sometimes erect and symmetrical, but 
often irregular in shape, with drooping foliage. Bark srnooth, asby grey or 
whitish, ofteu mottled with brown. Wood strong and very durable, used for 
railway sleepers, piles, bridge-construction, ship-building, wheel-work, and 
many other purposes ; a very good fuel. Victoria, South AustraUa, Western 
Australia, New South Wales, Queensland, and North Ausbraha ; not in 
Tasmania. This is one of the most important timber trees of AustraKa, not 
only because of its useful timber, but also because of its wide range and great 
abundance. It has been introduced into various parts of the globe, and grows 
under a variety of climatic conditions and in various situations and soils, 
preierring moist alluvial valleys and river-banks, but enduring considerable 
drought. It is particularly well adapted f or growing in moist swampy localities, 
being probably unsurpassed by any otber eucalypt for this purpose. It stands 
a considerable degree of frost as well as of heat ; in California it endures 
minimum temperatures of 15° to 20° P., and maximum temperatures of 110° 
to 115° P. 1 The growth is rapid, thougb not equal to that of E. Globulus. 

It is grown in the Nilgiris, where it coppices badly ; Mr. R. Bourne gives 
the following localities : (1) Cairn Hill, block I, compartment 3 in the 
swamp, and block II, compartments 4 and 5 ; (2) Aramby, in a few places. 
It was tried without success at Saugor, Central Provinces, in 1874r-6. It was 
sown in 1909 in the Sanyasimalai plantation, North Salem (elevation 4,000 ft.) 3 
and clid well in the early stages. It has been tried sinee 1909 in the Simla 
hills, and has done well up to date at elevations below 4,000 ft. It is one of 
the species grown at Abbottabad (4,000 ft.). On the plalns of northern India 
it thrives well and grows rapidly. In the Changa Manga plantation this 
species and E. tereticomis have proved more successiul than any other eucalypt 
hitherto tried, and when once established they can hold their own against the 
mulberry. At Maymyo, Burnia (elevation 3,500 ft.), it has done better than 
any other species tried so far ; the fine avenue in the Maymyo bazaar conaists 
chieily of this species. It has recently been tried in the Andamans, and has 
shown promise in the early stages. It is cultivated at Calcutta, Poona, and 
other low elevations. . Plowers May-Jnne, Punjab (Parker). 

60. Euealyptus rubida, Deane and Maiden. Candle-bark. 

A tree with smooth glaucous bark, often with reddisb patches, the outer 
layer falling off in ribbons. Nev/ South Wales and Victoria. It has recently 
been tried on the plains of northern India, but has not shown much promise. 

1 Eucalyptua, ita History, Growth, and Utilization, C. H. Sellers, California, 1910. 



586 XXVIII. MYRTACEAE 

61. Eucalyptus rudis, Endl. Swamp gum, tlooded gum. 

A moderate-sized to large tree with leaves rich in oil. ' Bark greyish, 
usually rough aiid persistent, but sometimes naking off and leaving the trunk 
smooth. Wood useful for fuel. and also used for posts. Western Australia, 
on river-banks and around swamps. In California it has proved remarkably 
hardy to heat ancl cold, enduring minimum temperatures of 15° to 18° E., and 
maximum temperatures of 110° to 118° E. 1 It has been tried since 1909 in the 
Simla hills, and so far has proved fairly successful at elevations below 6,000 ft. 
WitMn recent years it has been tried on the plains of northern India and in 
the sub-Himalayan tract (Lahore, Saharanpur, Lucknow, Dehra Dun), and has 
proved extraordinarily successful. A tree situated in the worst plot of land 
in the Goverument Agri-Horticidtural Gardens, Lahore, attained a height of 
50 it. and a girth of 2 ft. 5 in. in four years. 2 This tree formed one of a row 
of trees growing vigorously in a patch of saHne soil in which the salt-weed 
(Suaeda /ruticosa) could hardly grow, and where all ordinary plants were 
incapable of living ; at three years of age they averaged 30 ffc. in height. Mr. 
R. N. Parker, 3 hi desoribing these plants at Lahore, notes that for satisfactory 
growth, Hl. riidis apparently recraires & very dry climate ; the Lahore plants 
received constant irrigation since they were planted, but an abundance of 
water is not essential, as in the Kot Lakhpat plantation near Lahore this species 
is growing remarkably well with only moderate irrigation and with long 
intervals between successive watering. This species is doing well at Lucknow, 
and is reported to be thriving on swampy ground between Lakhsar and 
Hardwar.' 1 Elowers October to Eebruary (Parker). 

62. Eucalyptus saligna, Smith. Grey gum. 

A tall straight tree with cleciduous rather thick grey bark. Wood very 
harcl, tongh, and close grained, used for ship-building, carpentry, &c. New 
South Wales and southern Queeusland, often plentiful on ridges, but also 
frequent along banks of streams. Saicl to prefer a cleep moist soil and to be 
sensitive to drought. In Elorida a tree has withstood temperatures of 22° E. 
without serious injury ; another tree iu an exposed situation was bent and 
dwarfed by the wind. 5 It is grown in the Nilgiris (Sim's Park). It has been 
tried in the Simla hills since 1909, and has dozre moderately well above 4,000 ft, 
It grows wcll on the plaius of northern India, but apparently in most of the 
older reports the name E. saligna has been applied to totally diSerent species. 
On tlie other Jiand, at Lucknow specimens of what were at first considered to 
be E. resinijera were in 1876 tinally determined to be E. saligna ; one tree 
was reported in 1S77 to have attained a height of 45 ft. and a girth of 3 ft. 9 in. 
at 3 ft. from ground-leveI in ten to twelve years. Eecently this spccies has 
agaiii been tried at Lucknow, and so far it has proved very promising. It has 
recently been tried at Mercara in Coorg, and shows some promise. Mr. R. N. 
Parker e notes that on the Punjab plains he has seen this species only in 
Amritsar, where there are a number of speeimens growing remarkably well ; 
seedlings sown in Lahore in 1912 died off in large numbers cluring the monsoon, 
but the survivors were quite healthy and vigorous the following year. The 

1 Sellers, loc. cil., p. 73. a Gardon Beport, 1914-15. 

3 Ind. Porester, xl (1914), p. 452. 4 Report Gov. Bot. Gardens, Saharanpur, 1915-16. 

Zon aud Bdaooe, loc. tit„ p. 20. G Ind. Forester, xxxix (1913), p, 85. 
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plants reached a height of 12 ft. in three years. Plowers May, Punjab 
(Parker). 

63. Eucalyptus siderophloia, Benth. Sydncy ironbark. (The narue 
broad-leaved or large-leaved ironbark is the one more correotly applicable to 
var. rostrata, the young leaves of which are often 2 to 6 in. wide). 1 

A large tree with a straight stem. Bark persistent, daik brown to nearly 
black, thick, deeply iurrowed. Wood elose grained, very hard, heavy and 
durable, largely used f or building, bridge-construction, railway sleepers, wheel- 
work, and other purposes for which great strength is required ; this is the 
principal ironbark tree in its native home. New South Wales and southern 
Queensland. A tree in Florida about ten years old measured 55 ft. in height 
and 13-7 in. incUameter; it was growing on dry soil and had withstood 
a temperature of 22° F. 2 In the Nilgiris there is a small plantation beyond 
Porest Lodge in Sim's Park, where this species is growing well (R. Bourne). 
It is now being experimented with lurther as a plantation tree in tliose hills, 
and has hitherto shown fairly rapid growth. There is a specimen doing well 
in tlie Clianga Manga plantation near Lahore. It has been tried at Lucluiow 
since 1912, and so far has done well. At Lahore seeds of this species were 
sown in 1911, and the plants reached a height of 11 fb. 7 in. in three years, 
but failed in the fourth year. Plowers April, Punjab (Parker). 

64. Eucalyptus Sideroxylon, A. Cunn. Bed ironbark, Victoria ironbark. 
A moderate-sized or large tree with narrow silvery leaves aud kard, 

rough, dark-coloured bark. Wood dark red, very hard, heavy, strong, and 
durable, used for railway sleepers, beams and girders, shafts and wheel-work. 
New South Wales, Victoria, and Queensland, usually on poor sterile ranges. 
In California it endures minimum temperatures of 16° to 20° F., anclmaxirnum 
temperatures of 110° to 112° P. 3 It was tried without success at Saugor, 
Central Provinces, about 1874-6. It is reported to have done well in the 
Knrriaun hills, and is one of the species grown at Abbottabad, where it survived 
the severe frost of 1905. It has been tried since 1909 in the Simla hills, and 
has done rnoderately well between 4,000 ancl 6,000 ft. It has been tried at 
Changa Manga, but does badly ; the heartwood of the trees becomes eaten 
by white ants. Not suitable for the plains. In Inclia it tends to form a crooked 
bole and to produce large branches. Plowers September, Punjab (Parker). 

65. Eucalyptus Sielioriana, F. v. M. Yohut, mountain ash. 

A large tree attaining 120 ft. in height. Ba-rk dark brown or grey, deeply 
furrowed, red and scaly on youug trees, smooth ancl pale ou branches. Wood 
tough and elastic, not durable when exposed to the weather, used chiedy foL - 
ship-buikling, tool-hanclles, and carriage-buildmg ; a good fuel. South 
Austraha, Victoria, New South Wales, ancl Tagmania, frequent on poor barren 
ground or sandy soil on rocky ancl stony mountainranges, ascending on southerly 
aspects to 5,000 ft. This tree has been grown to some extent in the Mlgiris, 
where it is found almost always as coppice ; older trees are of rather crooked 
growth. Mr. P. Bourne gives the following locahties: (1) CairnHill, blockll, 
compartments 1, 4, 11, 12, 13, 14, and 19, andblock III; (2) Ararnby, block II, 
compartments 13 and 14; (3) Baikie, compartments 3 and 5. It has been 

1 Bailey, Queensland Woods. . 2 Zon and Brisgoe, loc. cit., p. 27. 

3 Sellers, loc. cit,, p. 73. 
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tried without success in the Simla hills and also on the plains of northern 
India. 

66. Eucalyptus Smithii, B,, T. Baker. White top, gully ash. 

A tall tree with furroived dark grey bark, smooth on the branches and 
upper bole. New South WaleSj in the south coastal districts. Has recently 
been tried on the plains of northern India, but does not show much promise. 

67. Eucalyptus stellulata, Sieb. 

A small or moderate-sized tree with dense foliage and rough dark some- 
what scaly bark, smooth and greenish on the branches. Wood a good fuel, 
but not much in request as timber. „Victoria and New South Wales, along 
elevated river valleys or flats and on mountain sides up to the sub-alpine 
zone. Has recently been tried on the plains of northern Indiaj but does not 
show much promise. 

Eucalyptus stricta, Sieb., see 74. E. virgata, Sieb. 

68. Eucalyptus Stuartiana, F. v. M. But-but, apple-scented gum, 
Stanthorpe box. 

A small to moderate-sized tree with drooping branchlets, aiid often with 
a twisted stem ; bark persistent, iibrous, soft. Wood hard, tough, and durable. 
South Australia, Victoria, New South Wales, and Tasmania, on sandy and 
moist tracts, often on low ridges, sometimes on river nats, where it reaches 
a fair size ; Queensland, on poor ground. It is grown in the Nilgiris (Cairn 
Hill, block III), where, according to Mr. B. Bourne, several of the trees have 
been killed by cattle and deer, which tear off and eat the succulent bark. It 
has been tried in the Simla hills since 1909, and so far has done well between 
4,000 and 7,000 ft., and moderately well below 4,000 ft. elevation. It has 
been tried on the plains of northern Inclia, but has proved cmite unsuitable. 

69. Eucalyptus tereticornis, Smith. Grey gum, forest red gum. 

A tall handsome tree. Bark smooth, whitish or greyish, more or less 
deciduoxis. Wood reddish, close grained, tough, and durable, used for building 
and many other purposes. Victoria, New South Wales, Queensland, never far 
from the littoral regions, and usually found on fertile grouncl on humid ilats, 
around swamj)s and lakes, or along watercourses, never on sahne ground or 
along salt-water streams ; stunted if f ound on rocky esposecl localities. Under 
favourable conditions the growth is rapid. It does well on sandy soil, even if 
comparatively dry, but not on harcl dry soil. In Florida trees have withstood 
temperatmes of 20° and 22° F., but were frozen back at 19° E., although not 
permanently injured ; in Cahfornia it is said to endure lower temperatures 
and to withstand drought well, wlhle in Provence and Algeria it has grown 
well on low, marshy tracts where the soil is deep, and in Brazil on inunclated 
soil where E. rosirata could not be grown successWly. 1 The tree coppices 
escellently. At Abbottabad coppice-shoots attained in one year a height of 
15 ft. and a girth of 7J in., and in 5|- years a girth of 22 in. At Dehra Dun the 
branches have been ibund rather liable to breakage by wind. Parker says it 
was severely damaged by frost at Abbottabad in 1905, but not so much as 
E. Globulus or many of the indigenous trees. 

The tree has been grown in the Nilgiris ; Mr. Bourne mentions a specimen 
6 ft. 2 in. in- girth and 60 ft. high in Sim's Park, and adds that a whole planta- 

1 Zon and Briscoo, loc. cit., p, 28. 
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tion of this species is said to have been planted by Mr. Gamble at the back 
of the Range Lodge. bnt eitlier it died ont or there was a mistake in identity. 
This speeies is probably the most successful one tried so fav at low elevations 
in India, growing well even at Bombay. On the plains of northern India it is 
one of the best species, doing well in the United Provinces and the Punjab 
as far north as the Rawalpindi district, and also in Hazara. The growth is 
very rapid ; of trees raised from seed sown about 1877 at Unah, Hoshiarpur 
district, measurements of some of the iinest in 1893 (aged about sixteen years) 
were as fohows : x 

1. Girth at 4 ft. from ground, 5 ft. 7 in. ; height, 115 ft. 

2. „ „ 5ft. 5iii. ; „ 115 ft. 

3. „ „ 5ft. lin. ; „ 115 ft. 

4. „ „ 5 ft. 6 in. ; „ 75 ft, 

Parker mentions a tree on poor gravelly soil near Haripur, Hazara, six years 
from seed, which measured 30 ft. in height and 2 ft. 5 in. in girth. There 
are a few good specimens in the Kaunli garden at Dehra Dun. It is the com- 
monest species at Abbottabad. It has been tried in the Simla hills since 1909, 
and so far has done very well below 4,000 ft. and moderately well from 4,000 
to 6,000 ft. It was tried in 1914 in the Andamans, and was one of the few 
species which showed any promise after the first year. Flowers January to 
April, Punjab (Parker). 

70. Eucalyptus trachyphloia, F. v. M. White bloodwood. 

A moderate-sized tree with dense foliage. Bark persistent, rough, nbrous,. 
or almost woody inside. Wood hard, heavy, and durable. Southern Queens- 
land, on poor hilly country, clrieAy on sandstone. Said to be suitable as a shade 
tree in hot dry localities. Has been recently tried on the plains of northern 
India, but so far does not show much promise. 

71. Eucalyptus umbra, R. T. Baker. 

A tall tree with dark coloured stringy bark. Timber not very durable. 
New South Wales. It has recently been tried on the plains of northern India, 
but has not shown much promise. 

72. Eucalyptus uruigera, Hook. f. 

A small to moderate-sized tree with spreading brauches and drooping 
brauchlets. Bark smooth, pale browii. Tasmania, in alpine districts. It has 
recently been tried on the plains of northern India, but has proved quite 
unsuitable. 

73. Eucalyptus yiminalis, Labill. Manna gum. 

A large handsome tree with drooping foliage. Bark partly persistent 
on the lower part of the stem, rough, wrinkled, and browiiish, decorticating 
on the upper parts and on the branches, leaviug the young smooth, bluish 
white bark, which when rubbed gives off a white powder. Wood lairly strong 
but not very durable, used for rough building, shingles, and rails. South 
Australia, Victoria, New South Wales, Tasmania, reaching large dimensions" 
in deep forest glens, but found chietly in open land, accommodating itself to 
poor and even sandy soil. It grows in the Nilgiris, sometimes attaining a fair 
size. Mr, R. Bourne gives the following distribution : (1) Sim's Park on lake 

1 W. Coldstream in Ind. Foiester, xix (1893), p. 381. 
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edge ; (2) below Cluny Hall ; (3) some fine specimens at Snowdon Hall ]ining 
the Kotagiri road above the Snowclon ponds ; (4) 8im's Park, compartment 1, 

above Porest Lodge. Measurements at Snowdon 
Hall gave girths of 8 ft., 9 ft. 6£ in., 10 ft. 7 in., 
and 13 ffc. 4 in. ; also girth 9 ft., height 124 ft. 
6 in., girth 10 ft. OJ in., height 128 ft. 6 in. It 
was tried without suceess about 1874-6 at Saugor, 
Central Provinces, and recently on the plains of 
northern India. It has been tried since 1909 in 
the Simla hills, and so far has done well at 
elevations of 4,000-7,000 ft. In Burma it has 
provcd successful at low elevations. 

74. Eucalyptus yirgata, Sieb. Syn. E. stricta, 
Sieb. ; E. obtusijolia, DC. 

A large shrub, usually with very narrow 
leaves. New South Wales, ascending to high 
elevations in the mountains. Has beon tried 
without success on the plains of northern India. 
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3. BARRINQTONIA, Forst. 



2. B. 






Vern. 
piwar, 



Species 1. B. aculangula, Gaertn. ; 
racemosa, Bl. 

1. Barringtonia acutangula, Gaertn. 
Injar, neora, Hind. ; Hijal, Beng. ; Tivar 
Mar. ; Kanapa, Tel. ; Kyi, lcyeni, Burm. 

A moderate-sized evergreen tree with dark 
rough bark, obovate leaves clustered at the ends 
of the branches, and long pendulous racemes of 
Aowers with bright red stamens. The wood is 
used f or boat-building, cabinet-making, and other 
purposes ; the bark is rich in tannin, and is used 
to intoxicate fish. The tree is fairly common in 
many parts of India and Burma, in the sub- 
Himalayan tract from the Ganges eastwards, 
Bengal, Chota Nagpur, the Indian Peninsula, and 
Burma; also in Ceylon, the Malay Archipelago, 
and northern Australia. It is always found along 
the banks of streams, round the edges of swamps 
and in similar moist places. It is a familiar tree 
in the swamps of the sub-Himalayan tract, and is 
also common near the coast, though not found in 
mangrove swamps. 

The Ieaves fall and the new leaves appear 

from Pebruary to April ; the Aowers appear chieAy 

from March to May, and the fruits ripen in July- 

August. Tlie fruits are oblong, quadrangular, 1 in. or more in length, and about 

•| in. in diameter . The seed is exalbuminous and solitary, and the embryo thiok 



Pig. 222. Barringtonia acut- 
angula. Seedling x |-. 
a, awollen hypocotyl ; 1>, oross- 
section of hypocotyl. 
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and heshy with rudimentary scale-like cotyledons. The fruits fall into the 
moist often muddy ground around the trees, and seedlings may be found hi 
quantity growing in soft mud. Germination is peculiar. The shoot is developed 
from one end of the neshy embryo and the root from the other end. A long 
taproot descends into the mud and the original fieshy portion oi the embryo 
enclosed in the testa, and retaining the shape of the fruit, persists until the 
seedling attains a fair size. This heshy portion resembles a tuber, and if cut 
across shows a ring of vascular tissue hke that of a carrot (see Fig. 222). The 
function of this tuberous growth is presumably to store up nutriment in order 
to feed the young plant in the dry season when the mud dries up. 

The tree is often planted for ornament. It is also suitable for planting 
in swampy ground where few other species will grow ; probably direct sowings 
would prove most successful. It is ordinarily frost-hardy, but at Lahore it 
Avas slightly affected in the severe frost of 1905. In the abnormal drought of 
1907 and 1908 it suffered along the banks of streams and swamps in Oudh 
when the water dried up. 

2. Barringtonia raeemosa. Bl. 

A species with much larger nowers and iruits than the preceding. It also 
grows by streams and in swampy ground, and is indigenous along the west 
coast of the Indian Peninsula, in the Rundarbans, Andamans, Ceylon, the 
Malay Peninsula, and Polynesia. 

4. CAREYA, Roxb. 

Careya arborea, Roxb. Yern. Kumb, lcumbi, Hind., Beng. ; Knmbia, 
Mar. ; Kaval, Kan. ; Ayama, Tam. ; Gadam, Tel. ; Banbwe,, Burm. 

A moderate-sized to large deciduous tree with large obovate leaves 
clustered at the ends of the branches. Bark dark grey, hssured, red and 
hbrous inside. The wood is durable, especially uiider water, and is used for 
building, carts, furniture, &c. ; the bark give,s a good rough cordage nbre. 

Distribution akd habitat, The tree is found sporadically throughout 
the greater part of India and Burma, but not in the driest regions. It is' very 
typical of savannah lands, where owing to its hre-resistiug capacity it is able 
to survive and to regenerate, along with other hre-resisting «pecies such as 
Dillenia pentagyna, Eugenia operculata, and Bombax malabaricmn. When hre- 
protection is introduced more tender species take possession of the ground, but 
the old and often branchy savannah trees persist scattered in the new growth. 

Careya arborea is a f amiliar tree in the sal f orests and in the grassy blanks 
so common in them. In Burma it is commonest in the Iower mixed forests 
of the plains and in the open savannah tracts. Generally it is characteristic 
of the moist types of mixed deciduous forest, and not of the drier types. 

Lbap-shedding, elowering, and sruiting. The tree is learless early 
in the hot season, the new leaves appearing in March-April. The leaves turn 
red in the cold season before falhng. The clusters of large pink and white 
nowers appear with the new leaves in April-May, and the fruits ripen about 
June-July : they are green, globose, about 3 in. in diameter, containing several 
seeds embedded in a neshy pulp, and fall soon aiter ripening. The seeds are 
exalbuminous, but have a large embryo similar in structure to that of 
Barringtonia : they oiten germinate within the f ruit as it lies on the ground. 
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Silvicultl t eal ckaractees. The tree stands a fair amount of shade. In 
the abnormal drought of 1907 and I90S in the sal forests of Oudh it proved to 
be decidedly hardy. It coppices well. It is very subject to danaage by browsing, 
coppice-shoots in particular being greedily eaten by cattle and deer. As 
alreacly noted, it is very fire-resistant. 

Rate of geowth. The Mlowing statistics regardmg the rate of growth 
are available from sample plot measurements in sal forest : 





Gareya arbor 


m : girth increment in hij 


^h forest samr 


)le plots. 




Province. 


Forest 
division. 


Locality. 


No. of years 

under 
nieasurenient. 


No. of trees 

under 
measurement. 


Girth 
classes. 

ft. 

1-2 
14-8 
14-8 
l-J-3 

1-2 


Mean annual 

girth inorement 

for period. 


TJnited 

Provinces 

Central 
Provinaes 


Saharanpur 
Lansdowne 

*) 

Balaghat 


Malowala 

Chaukhamb 

Jogichaur 

Eehar 

Baihar 


12 
17 
12 
19 
8 


4 
6 
2 
1 
1 


in. 
0-20 
0-32 
0-18 
0-05 
0-44 



Biug-countings by Mr. I). A, Thomson in respect of eeventeen trees in 
the Supa fuel reserves, North Kanara, Bombay, gave the following results : *■ 



Age in yoars 


5 10 


15 20 


25 
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40 


45 


50 


55 


60 


65 


Mean diamoter (inches) 


1-05 2-02 


3-07 4-09 


5-08 


5-90 6-84 


7-74 


8-46 


9-38 


10-14 


10-94 


11-71 



Coppice-shoots grow fahiy rapidly. Measurements in 1911 in two separate 
coupee, each two years old, in the Tikri 1'orest, Gonda, United Provinces., 
showed average heights of 11 and 12 ft. as compared with 10 and 7-6 ft. re- 
speotively for sal in the same coupes. Measurements made hi 1886 by Mr. 
A. P. Broun in two coupes, eaoh eight years old, in the Bullawala coppice, 
Dehra Dun, gave the following resulbs : 

Careya arborea : growth of coppice, Bullawala, Dehra Duu. 



Age. 


Mean 
Gareya. 


height. 

Sal. 


Mean girth. 
Gareya. 


Sal. 


years. 
8 
8 


ft. in. 
30 
10 4 


ft. in. 
13 2-0 
16 2-5 


in. 
90 
5-7 


in. 
7-1 
8>3 



Mr. H. A. Gass reoorded in 1898-9 an average height and girth of 10 ft. 
and 7 in. respectively, with nine shoots per stool, in a coppice coupe three 
years old in Kadike block, South Canara, Madras. 



5. PLANCHONIA, Bl. 

Planchoiiia andamanica, King. 

An evergreen tree of the Andamans, occurring in evergreen or semi- 
deciduous forests in association with Dipterocarpus spp., Hopea odorata, 
Mimusops Elengi, Artocarpus Chaplasha, Pterocarpus dalbergioides, Albizzia 
Lebbek, Terminalia bialata, Lagerstroemia hypoleuca, and other species. The 
wood is hard, durable, and of good quality, and promises to become an important 
timber ; the tree deserves study from a silvicultural point of view. 
1 Working Plan for the Supa Fuel Reseryes, 1906. 
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This order contains a number of important Indian timber trees, chieny 
belonging to the genus Lagerstroemia. 

Genera 1. Lagerstroemia, Linn.; 2. Ditabasga, Ham.; 3. Sonneratia, 
Linn. f. ; 4. Woodfordia, Salisb. ; 5. Punica, Linn. 

1. LAGERSTROEMIA, Limi. 

This genus contains eleven Indian species of trees and perhaps a twelfth, 
L. indica, Linn., a well-known gaiden tree which is indigenous in China and 
possibly in the Shan hills in Upper Burma. To this genus belong some im- 
portant Indian timber trees, most of which are very ornamental owing to their 
iarge showy Aowers. The sibdculture of these trees is at j^resent impertectly 
understood. The iruit is a capsule containing many winged, usually small light 
seeds, which, in all the species studied so far, are uncertain in their germinative 
power, a large proportion being as a rule unfertile. Ij. itidica and L. Flos- 
Tteginae are known to be capable of propagation from cuttings, and the same 
may possibly be the ease with other species. 

Species I. L. 'pawijlora, Roxb.; 2. L. Flcs-Reginae , Retz. ; 3. L. tomentosa, 

PresL; 4. L. lanceolata, WalL; 5. L. macrocarpa, Kurz ; 6. L. hypoleuca, Kurz. 

1. Lagerstroemia parvmora, Roxb. Vern. Dlumra, leridia, Hind. ; Sidha, 

Hind., Reug. ; Lende, bondga, Mar. ; Chenangi, Tel. ; Zaungbale, kyettawsa, 

U. Burm. 

A large, in poor localities a small, deciduous tree. Bark light grey to 
reddish, thin, smooth, exfoliating in narrow longitudinal nakes, hght brown 
inside. Wood veryhard, durable, used for building, agricultural implements, 
carts, boats, shafts, axe-handles, &c. The tree sometimes exhibits twisted 
nbre from left to right, and often produces burrs, espeeially when injurec!. 
Large trees are often hollow in the centre, and the timber has the fault of 
splitting a good deal near the centre, Apart from its economic value this tree 
is important sihdculturally as a common companion of the sal, teak, and 
other valuable species. 

Distribution and habitat. Sub-Himalayan tract from the Jumna 
eastwards, ascending to 3,000 ft., Bengal, Assam, Chota ISTagpur, central 
India, and the Inclian Peninsula southwards to the Mlgiris, Upper Burma. 
As a general rule the tree is not gregarious, though often plentitul. In the 
sub-Himalayan tract it is a common constituent of the sal forests, and is also 
plentiful on the dry waterless bhabar tract, a deep boulder formation along 
the base of the outer hills. Here the forest is often of a dry mixed type, and 
in the United Provinces among the chief associate species are Adina cordijolia, 
Terminalia lomentosa, T. belerica, Hymenodictyon txcelsum, Holoptelea integri- 
folia, Acacia Catechu, and Phyllanthus Bmblica. Farther east, in the Duars 
of Bengal and western Assam, it is one of thĕ commonest trees along tlie base 
of the outer hills and on the dry boulder tormation skirting them, the forest 
being of a dry character and the chief trees besides Lagerstroemia being Shorea 
robusta, Terminalia Chebula, T. belerica, PhyUanthus Emblica, Sterculia irillosa, 
DiUenia pentagyna, Bombax malabaricum, Gmelina arborea, Premna, Stereo- 
sjtermum, and others, and near riyers Dalbergia Sissoo ancl Acacia Catechu. 
2307 .■> H 




Fig. 223. LagerstroemiapawijlorcL. Seedlingx J-. 
a. Heed ; b-e, gerraination atages ; /, g, development oi aeedling during first soason. 
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In these forests it attains considerable dimensions ; a girth of 8 ft. 2 in. ancl 
a height of 100 ft. were measured in the Borojhar forest, Buxa, and this is by 
no means a maximum. In the bhabar tract of the Duars it sometimes springs 
up gregariously on gravel and boulder deposits near rivers, after the land has 
become elevated above river-level ; here pure patches of young Lagersiroemia, 
sometimes of considerable extent 5 may be found with large specimens of 
Dulbargia Sissoo seattered among them, the latter being the survivors of 
a former riverain forest (see Fig. 224). 

The tree is found in fair cpiantity throughout the dry mixed iorests of 
the Indian Peninsula as far south as the Mlgiris, in association with teak, 
Terminalia tomentosa, Anogeissus latijolia, Diospyros Melanoxylon, Ougeinia 
dalbergioides, Buclianania latijolia., Phylla7ithus Emblica, and other species. 
As a rule it does not attain large dimensions, trees over 6 ft. in girth being 
rare ; in the Dangs ibrests of Surat, hc>"wever, large trees are occasionaHy met 
with, a girth of 13 ft. having been recorded. In the Bori forest of the Central 
Provinces a girth of 15 ft. has been measured. 

In Ilpper Burma it occurs in mixed deciduous ibrest along with teak, 
Terminalia tomentosa, DiUenia pentagyna, Bursera serrata, Anogeissus acumi- 
nata, ScJileichera trijuga, Lagerstroemia Flos-Rcginae, and other species. 

The tree aeconimodates itseK to a variety of soils and geological forma- 
cions, including black cotton soil and trap ; it thrives best on deep porous 
loam, and although it is oiteu found on clay, it does not stand water-logging. 
In its natural habitat the absolute maximum shade temperature varies 
from 100° to 118° F., the absolute minimum from 30° to 50° F., and the uormal 
rainfall from 30 to 180 in. 

Le^ip-siiedding, ploweking, and prtjiting. The leaves turn brown 
towards the end of the colcl season and are shed in February-March, the new 
leaves appearing iu April-May. ' The panieles of small white fragraut nowers 
appear from April to Jnne, and the capsules ripen and open from December 
toFebruary ; they are 3-to 4-valved, 0-7-1 in. ormorein leugth, ovoid or obovoid, 
brown when ripe, and remain some time on the tree after ripening. The seeds 
including wing (Fig. 223, a) are 0-4-0-6 in. long, brown, with a terminal papery 
wing, having a thick stiff curved ridge along one eclge. 

The germinative power of the seed is frequently poor. Tests were earried 
oub at Dehra Dnn for three successive years : in the hrst two years the seed 
was almost entirely unfertile, but in the third year it germinated well. 

Gekmination (Fig. 223, b-e). Epigeous. The radicle emerges from the 
end of the seed opposite the wing, the hypocotyl arches and extricates the coty- 
ledons in straightening, the seed-coat being left as a rule on or in the ground, 
though it is sometimes carried up over the cotyledons, falhng with their 
expansion. 

The seemjkg (Fig. 223). 

Roots : primary root long, terete, tapering, wiry : lateral roots moderate 
in number and length, tibrous. Hypocotyl scarcely distinguishable, up to 
0-1 in. long. Ootyledons : petiole 0-2-0-5 in. long, channelled abpve, glabrous : 
lamina 0-4-0-5 in. by 0-4-0-5 in., foliaceous, orbicular, base tapering, entire, 
green, glabrous. Stem ereet, cmadrangular, often winged, green or reddish, 
glabrous ; internodes 0-1-0-5 in. long. Leaves simple, alternate, or first pair 
sometimes sub-opposite, sessile, exstipulate, 0-3-2 in. by 0-2-1 in., ovate 
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aeuminate, base acute, entire, giabrous, margins minutely pubescent, venation 
arcuate, lateral veins 4-10 pairs. 

The growth of the seedling is moderately fast. Young plants raised at 
Dehra Dun reaehed a height of 4 in. iii two months, and 12 in. by the end 
of the year ; on poor ground the growth is slower. For its best development 
the young plant requires a porous well-drained soil free from weeds. Young 
seedlings are very frost-tender, unlike coppice-shoots, which resist frost fairly 
well. They do not stand heavy shade or suppression from a dense growth of 
grass. 

Silvioultueal char acters . The tree is a light-demander, and soon 
becomes suppressed under shade. It is fairly frost-hardy. In the abnormal 
drought of 1907 and 1908 in the forests of Oudh it proved to be decidedly 
hardy ; saplings, however, were affected in the severe drought of 1899 and 
1900 in the Central Provinces. Cattle avoid it, and on heavily grazed areas 
coppice-shoots often remain untouched after most of the other species have 
disappeared : sometimes the presence of pure Lagerslroemia parviflora may be 
the result of heavy grazing. 

Thc tree coppices and pollards vigorously. Experiments were carried 
out in 1909 in North Chanda, Central Provinces, in which trees were coppiced 
in successive months from April to September ; in no month did a single stool 
fail to coppice, a result not attained by any other species experimented with. 
Again, Mr. A. E. Osmaston l reeords complete success in the case of 25 trees 
coppiced in experiments in the Goralchpur district, United Provinces. The 
following numbers of shoots per stool have been measured in the ITnited 
Provinces : 

1. Gorakhpur distriet : age one to sixteen years ; average 1-6 to 3-2 shoots 

per stool. 

2. Gonda district : age one and two years ; average 1-7 to 2-7 shoots per 

stool. 

Natural reproduction. The natural reproduction of this trec requires 
lurther study. As far as is known, fertile seed is not produeed in abundance 
every year, though in certain years reproduction springs up in quantity. 
Loose porous bare soil appears to favour natural reproduetioiu which often 
comes up readily on abandoned cultivation on well-drained ground, and on 
riverain alluvial gravel which has risen above river-level. Immunity from 
clamage by grazing and good power of recovery from the effects of iire and 
mutilation are tactors which favour the natural reproduction of this species ; 
the admission of light also stimulates it. 

iSxlvicultd"kal tebatment. As a ride this tree is treated as an acces- 
sory to species of greater value, such as teak or sal, and its trcatment is sub- 
ordinated to that of the principal specics. It is eminently adapted for 
worldng as coppice, a rotation of thirty years being generally sumcient for 
the procluction of poles for building purposes. 

Pate oi? growth. 1. B r igh forast . The 1'ollowing results of girth measure- 
ments in samjale plots are available : 

1 Ind. Eoreator, xxxvii (1911), p. 429. 
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Fxc. 225. Lar/erstroemia lanceolata, Eombay. 
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Lagerstroemia 


parvifiora : girbh increment 


in high forest 


sample plots. 








STumber of 


Xumber of 




Jlean aimual 




Porest 




years uiiclei' 


trees under 


Girth 


girth increment 


ProTince. 


divisioii, 


Looality. 


measurement. 


nieasurement 


elasses. 
ft. 
1-2 


for period. 


tlnited 


Dehra Dun 


Thano ancl | 


17 


S 3 


111. 

0-13 


Provinces 




Kansrao ) 


il 


2-3 


0-SO 




Saharanpnr 


Dholkhand 1 




( 3 


0-1 


0-23 






Lakarkot 
Malowala J 




32 


1-2 


0-23 








( 4 


2-3 


0-34 




Lansdowue 


Andermajhera 


17 


12 


0-4 


0-11 






Kauria 


4 


3 


I4/-3 


0-14 




Halclwaai 


Aonla Khera 


4 


1 


0-1 i 


0-40 






Chilla 


11 


4 


3-6 


0-34 






Khonani 


6 


5 


1H 


0-31 




S. Kheri 


Kislianpnr 


9 





2-3 


0-10 


Central ) 
Provinces ) 


Balaghat 


Raigarh 


8 


I! 


1-2 
2-3 


0-09 
0-03 



These Ĕgures indicate a deckledly slow rate of growth. The sample plots 
in cpiestion, however, are all in sal forest, and presumably many of the Lagcr,- 
stroemia trees are doniinated or even suppressed. 

The f ollowing rate of growth has been deduced from measnrements of 
41 trees in the Dholkhand, Lakarkot, and Malowala sal sample plots, Saharan- 
pur forest division, TJnited Provinces, aud of 22 trees soattered in sal sample 
plots in the Buxa forest division, Bengal : 

Lagerstroemia <pa,nifiora : rate of growth in higb. forest, Saharanpur and Buxa 

dndsions. 





Girth. 






Girth. 




Age. 


Saharanpur. 


Buxa, 


Age. 


Saharanpur. 


Buxa. 


years. 


ft. in. 


ft. in. 


yeaia, 


ft. in. 


1't. in. 


20 




10 


100 


1 11 


4 1 


30 


o" 7 


1 3 


110 


2 14 


4 6 


40 


9 


1 8 


120 


2 5 


4 11 


J50 


Ui 


2 


130 


2 81 


5 4 


60 


1 2" 


2 5 


140 


3 


5 S 


70 


1 44 


2 10 


150 




6 1 


80 


1 6| 


3 3 


160 




6 6 


90 


I 9 


3 8 









A cross-section 4 ft. ti in. in girth in the siMcultural museum, Dehra Dun, 
had 56 rings, giving a mean annual girth iucrement of 0-96 in. 

2. Goppice. The rate of growth of Lagerstroemia 'parvifiora coppice is at 
hrst usually more rapid than that of sal, but the latter afterwards outgrows 
the former. The folloAving are some recorded measurements of young coppice- 
shoots : 

Lagerstroemia parvifiora : rate of growth of young coppice, compared with sal 

or teak in the same coupes. 



Locality. 



Gonda, Dnited Piwinces 



Gorakhpur, United Provinces 

Thano, Dehra Dun, UnitedProyinces 
Bhandara, Centra! Provinces . 



Height. 



Age. 1 


'Mgerslroemta 




'parviftora. 


years. 


ft. 


(1 


6-8 


2 


10-3 


U 


9-5 


l ! 


7-8 


7-3 


(3 


9-1 


5 


15-0 J 


1 


6-3 


1 Mean girth 6 


in. 



Sal. 


Teak. 


ft. 


ft. 


4-7 




10-0 




7-6 




4-5 




2-8 




0-7 





7-1 
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Mr. A. E. Broun recorded the following measurements made in 1886 in 
coppice coupes at Bullawala, Dehra Dun : 

Laijerstroemia pamjtora : rate oi ! growth of coppiee, Bullawala, 

Dehra Dun. 

Mean height. Mean girth. 
LageraLroetnia Lagerstroeraia 

Age. paririjiora. Snl. parvijlora. Kal. 

yeare. ft. in. ft. in. in. in. 

8 19 1-1 13 1-9 6-2 7-1 

8 15 4-2 16 2-5 6-4 8-3 

10 18 6-0 11 10-6 6-0 8-9 

Tlie results of measurementa niade by Mr. C. M. MeCrie in 11310 ki eoppice 
coupe.s iu the Gorakhpur district, United Provinces, are shown as ibllows : 

Lagerslroemia <parviflom : rate of growth of eoppice, Gorakhpui 1 . 





Mean 


height. 






Mean 


gir 


'tti. 






Lagerstroemia 






Layt, 


ralroemid 








Age. 


pa,rvijlwa. 




Sal. 


'par 


■vijk>m. 






Hal. 


y-ears. 


ft. 




ft. 




in. 






in. 


2 


6-8 




3-0 




— 






— 


4 


9-8 




7-0 




3-9 






2-0 


6 


12-3 




10-3 




4-S 






2-9 


8 


14 •■> 




13-0 




5-4 






8-S 


10 


10-4 




15-3 




6-0 






4-8 


1.2 


18 -0 




17-5 




6-5 






5-8 


11 


19-4 




.1 9-2 




6-9 






6-7 


16 


20-5 




20-9 




7-2 






7-5 



2. Lagerstroemia Plos-Kcginac, B.etz. 8yn. L. speciosa, Pers. Vern. 
Jand, Beng. ; Ajhar, Ass. ; Taman, bondara, Mar. ; Hole-dasal, chalia, Ka,n. ; 
Pumarathu, Tam. ; Manimaralh/u, Mal. ; Pt/inma, Burm. ; Eilcmwe, U. Burm. 

A large tleciduous tree with a rounded erown and large handsome mauve 
ilowers. Bark smooth, grey or yellowish grey, exfohating in fairl.y bhin irregular 
Ilakcs. Wood light recl, hard, durable, usecl. for construction, hoat-building, 
canoes. carts, ancl other pnrposes. This is one of the most important timber 
trees of Burma and Assam. 

Distbihtttion ani) hauitat. Assam, Bengal, Chittagong, western ancl. 
woutheni India from North Kanara ancl the southern Konkan southwards 
rJirough Malabar to Travancore, Cl.iota Nagpur (not very common, and of 
small size). Conunon throughout Bitrma, but not in tlie clry zone ; Ceylon, 
in the moist low country. In the sub-Himalayan tract the tree is not eon- 
siderecl to be incligenous west of Bengal, but it is eertainly plentiful, though 
of comparatively small size, along the ba.nks ancl. within some little distance 
of certain streams in forest lands in t.he Gorakhpur clistrict, Ilnitecl Provinccs, 
and if not mdigenous i.t has at all events nm wilcl. It is plantecl for ornament 
in many parts of Inclia. 

The tree is typioally 1'oimd al.oiig the banks of riv'ers ancl streams ancl on 
low-lying swampy grouud. I.t is not, howerer, always continecl. to such plaees, 
for in Burma it is often seatterecl iu the moister types of lower nibcecl cleciduous 
forest on alluvial ground and sometimes in evergreen forest : in the upper 
mixed torests it is usually conrinecl to the banks of streams aiicl. to alluvial 
llats in their neiglibouriioocl. Jts growth is best on ricli cieep allmdal loam : 
on badly-drained swampy grouncl it is usually small aud crooked. 
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Fig. 226. Lagerstrociriia Flos-Reginae — Si.;kdling J 
a — Fruit b — Seed c- f — Germination stages «- i — Development of seedling during first season 
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la its natural habitat the absolute maximum shade tempcrature varies 
from 95° to 110° F., the absolute minimum from 36° to 65 3 F., aud the normal. 
rainfall from 60 (about 50 in Gorakhpnr) to 180 in. or more. 

Leaf-shedding, plowering, and prtjitikg. The tree sheds its leaves 
about February-March, the leaves turning reddish before falhng ; the new 
leaves appear in April-May. The large terminal panicles of maave nowers, 
2-3 in. in diameter, appear from Api-il to June, at which time the trees are 
extremely handsome. The capsules (Fig. 226, a) s 5- to 6-valved, broadly ovoid, 
0-7-1 in. long, ripen from November to January, according to locality, thongh 
they do not actually open and scatter the seeds for some Iittle time (February ; 
Goalpara. Assam, 1915 ; March-April, Dehra Dun, planted trees). The seeds 
(Fig. 226, b) are Hght brown, angular, fairly hard, with a stiff brittle wing, 
the whole 0-6-0-7 in. long ; they are often muertile. The tree seeds at an 
early age ; vigorous plants raised from irrigated broadcast sowings at Dehra 
Dun commenced to bear seed at the age of three years. 

Germinatiois (Fig. 226, c-/). Epigeous. The radicle emerges from the 
end oithe seed opposite the wing ; the bypocotyl arches slightly and extricates 
the cotyledons in straightening. The seed-coat is left on or in the grouud. 

The seedling (Fig. 226). 

1'oots : primary root moderately long, wiry, flexuose, thick in vigorous 
plants : lateral roots numerous, long, fibrous. Hypocotyl distinct from root, 
0-4-0-7 in. long, quadrangular, reddish or green, glabrous. Gotyledons : petiole 
0-05 in. long : lamina 1-5-2 in. by 2-2-5 in., foliaceous, somewhat Aeshy, 
orbicular renif orm, broader than long, apex truncate or slightly retuse, entire, 
glabrous. Stmi erect, 3- to 5-angled and winged, woody, glabrous, young parts 
green or reddish, older parts greenish brown ; internodes 0-1-1-3 in. long. 
Leaves simple, alternate, sessile or sub-sessile, exstipulate, earlier leaves small, 
the size increasing with successive leaves, 0-5-2-5 in. by 0-3-1-5 in. in natural 
seedlings, up to 8 by 3 in. in vigorous artihcially grown scedlings, elliptical or 
elliptical lanceolate or obovate, acute or acuminate, base acute, entire or 
undulate, glabrous, paler beneath than above, venation arched, with a pro- 
minent intramarginal vein, midrib ofteu reddish. veins prominent. raised on 
under side. 

During the first season the growth of the seedling is slow, a height of only 
2-6 in. being ordinarily attained by the end of the year ; subsecpiently the 
growth is considerably faster. Weeding and irrigation, particularly the tormer, 
greatly stimulate growth. Plants raised from weeded broadcast sowings on 
tilled ground at Dehra Dun reached in three years a height of 10 ft. when 
irrigated, and 8 ft. when not irrigated. In the hrst year they attaiued a height 
up to 3 ft. The leaves fall about Kovember to January, and new growth starts 
i.a Marcli (Dehra Dun). In their earlier stages the seedlings are small and 
delicate, and are apt to be washed away by heavy rain ; they are sensitive 
to Irost and drought. 

Silviciiltitral OHARACTERS. The tree is a moderate light-demauder, 
soon becoming suppressed under shade which is at all heavy ; it is less hght- 
demanchng than teak. In its natural habitat it is exposed neither to frost 
nor ordinarily to drought : in the severe frost of 1905 trees planted at Dehra 
Dun suSered. It is a decidedly moisture-loving tree. It coppices well, the 
coppice-shoots growing vigorously. 
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Natural reprodtjction. Under natural conditions tlie seeds lie on the 
ground during part of the hot season and oiten become washed into heaps 
during the early showers. Germination takes place early in the rainy season. 
The factors innuencing natural reproduction require further study, but experi- 
ments carried out so far indicate that bare loose soil is favourable, and that 
weed-growth is most unfavourable. For the establishment of natural repro- 
duction a considerable amount of light is required. The sensitiveness of young 
seedlings to drought has been alluded to. The prevalence of natural repro- 
duction round the edges of swamps and along the sides of watereourses is 
probably due mainly to the fact that the seecls are washed together in quantity 
on the bare ground, and the seedlings develop well under the conditions of 
light and soil moisture which they enjoy. Good natural reproduction is 
reported to have appeared in the Yetkanzin forest, Toungoo, Burma, in an 
area where bamboos had nowered, which had been nre-protected for many 
years and then burnt after the nowering of the bamboos. 1 

Artipicial REPBODUCTioisr. Owing to the lightness of the seed and the 
small size of the young seedlings, direct sowings are less suitable tlian trans- 
planting from the nursery. Broadcast sowings on cleared and hoed ground 
at Dehra Dun have, however, proved successful on an experimental scale. 
A fair amount of planting has been doue witliin recent years in Assam, notably 
in Lakhimpur. Direct sowings in lines 6 ft. apart were earried out between 
1876-7 and 1882-3 in the JNTambor forest, Sibsagar, Assam, the Lacjerstroemia 
being mixed with Mesua jerrea. In 1903 the area was found to be very densely 
stocked with young poles of both species, in which the Lagerstroemia greatly 
outnumbered the Mesua. 2 Tra.nsplanting after pruning the roots has been 
tried without success in Sibsagar. 

Mr. R. Bourne informs me that in Malabar he obtained the best results 
in germination by sowing the seeds in nat beds diviclecJ into ,squares surrounded 
by small mud walls, so tliat when the beds were noocled the wa,ter stood in 
them for some time. 

Rate oi? growth. Tliere are few reliable statistics showiug the rate of 
growth. The following heights of young plants are recorded in clitterent 
plantations in the Jokai resejwe, Lakhlmpur, Assam : 3 

Age Average height. 

(exclusive of time in nursery) ft. 

Year of planting ..... 6 

1 year ....... 7 

2 years 10 

3 years ....... 9 

A fe\v trees planted at Kuch Behar in 1873-4 had attained in 1881 
a maximum girth of 2 ft. 4 in. with a height of 16 ft. The locality was reported 
to be unsuitable, the trees having developed a low shrubby growth. 4 

The Rangoon plains forests working plan 5 gives an estimate of the rate 
of growth basecl on ring-countings, the results being as follows : 

1 Burma Eorest Report, 1914-15. 

- Working Plan for the Nambor Eeserved ITorest, Sibsagar, A. R. Dicks, 1905. 

3 Jorest Report, 1913-14. * W. R. P. in Ind. Porester, vii (1881-2), p. 41. 

5 Working Plan for the Plains Forests, Eangoon Diviaion, Burma, J. J. Borie, 1905. 
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Fig. 227. Lagcrsinemia tomentosa — Seedling x f 

c -f — Germination stages g, h — Development of seedling durinj; first seaaon 
i — Seedling in second season 
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(jirth. 


Correspoiiding ago. 


ft. in. 


years. 


1 6 


36 


3 


63 


4 6 


94 


6 


125 



The mean annual girth increment, 0-57(5 in. ; is identical with that esti- 
mated for teak growing in the same torests. 

3. Lagerstroeinia toinontosa, Presl. Vern. Lĕaa, Burm. 

A large deciduous tree, reaching a height of 100 ft. or more, and a girth 
of 10 to 12 ft. or more in favourable looalities. Bole usually straight and 
clean to a considerable height. Bark abont 0-3-04 in. thick, light grey, fairly 
smooth, with longitudinal cracks. Wood light grey to greyish brown, moderatery 
Jiard, close grained, fairly durable, used for planking, building, canoes, carts, 
shafts, wheels, and furniture, and deserving of more notice lor boxes aud such 
purposes. It has been tested ancl reportecl suitable for niatoh manutacture. 

Disteibtjtion and habitat. The tree is common thronghout the greater 
part of Burma, except in the dry zone. It is found iu evergreen and semi- 
evergreen tropical forest, and in mixed deciduous forest of the upper and lower 
types. In the upper mixed forests it is associated with teak, Xylia dolabri- 
formis, and tlieir connnon companions, usually occupying the lower slopes of 
hills and well-drained valleys on deep rich soil ; in the drier types of mixed 
1'orest it is either absent or is fo\md in stunted fovm. In the lower mixed 
torests on alluviaJ ground it is sometimes very plentiiul, particularly in some 
localities along the base of the eastern slopes of the Pegu Yonia. 

In its natural habitat the absolute maximum shade temperature varies 
from 100° to 110° ¥.., the absolute mhiimum from 40° to 55° F., and the normal 
rainfall from 40 to 200 in. 

Leap-shedding, i-iowerihg, and ehtjitihg. Tlie tree is leailess for 
a time in the hot season. The panicles of handsome white iiowers, 1-1-3 in. 
in diameter, appear in April-May, ancl the capsules (Pig. 227, a) commence to 
ripen about November, dehiscing at various times up till April ; they are 
ovoid, 0-5-0-6 in. long, dark brown when ripe. The light winged seeds (Pig. 
227, b) are about 0-3 in. long ; they escape from the capsules chietly during 
the hot season and are carried by wind to some distance from the tree. Like 
that of other species of this genus, the lertility of the seed is uncertain. Tests 
carried out at Dehra Dun showed that the seed retains its vitality to some 
extent for one year if carefully stored. At Peradeniya, Ceylon, where the treo 
was introduced in 1891, nowering takes place twice a year, in April ancl October ; 
this may also be the case sometimes in Burma. 

G-bkmistation (Fig. 227 ; c-/). Epigeous. The radicle emerges from the 
end of the seed opposite the wing, the hypocotyl arches somewhat, and the 
seed-coat is either left iu or on the ground or is carried up, talling with the 
expansion of the cotyledons. 

The seedling (Pig. 227). 

Roots : primary root moderately long and thick, terete, tapering, woody : 
lateral roots numerous, long, tibrous. Hypocotyl distinct from root, 0-3-0-5 in. 
long, quadrangular, glabrous. Cotyledons : petiole up to 0-06 in. long : lamina 
0-2-0-3 in. by 0-25-0-3 in., foliaceous, sub-orbicular or broadly obovate, apex 
rounded, truncate or retuse, base tapering, entire, green. Stem erect, quad- 
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rangular, stellate tomentose ; internodes 0-1-0-6 in. long. Leaves simple, 
exstipulate, tirst pair opposite, subsequent leaves on main stem alternate, 
sometimes sub-opposite, those on side branch.es opposite or sub-opposite. 
Petiole 0-1 in. long, stellate tomentose. Lamina 0-8-3-2 in. by 0-3-1-3 in., 
elliptical lanceolate, acuminate, base tapering, entire, stellate pubescent. 

During the hrst season the seedling remains comparatively small, but 
from the second year onwards the growth is fairby iast. Seedlings raised in 
a box at Dehra Dun were 1 ft. 6 in. to 2 ft. 7 in. iu height by the middle of the 
second season, and one of these which was transplanted rcached a height of 
9 ft. 7 in., with a basal girth of 7J in. by the end of the fourth season. These 
seedliugs for the lirst two or three years developed Iong thin wealc stems and 
had the habit of climbers rather than of erect plants ; eventually, however, 
they became rigid and erect. The young seedlings are sensitive to drought ; 
frost is unknown in the natural habitat of the tree, but at Dehra Dun the 
young seedlings j3roved to be very sensitive to frost, and all those grown in 
the open succumbed during the nrst winter. 

Nattjral reproduction. The seeds fall during the hot season, and are 
washed into heaps by the early showers. Germination takes place at the 
beginning of the rainy season. The factors innuencing natural reproduction 
require further study, but experiments a,t Dehra Dun indicate that bare loose 
moist soil is favourable to germination, and that stiff soil and weed-growth 
are unfavourable ; also that in early youth shade is benencial in preventing 
mortakty through drought. These experiments, howcver, are not eonclusive, 
more especially as climatic conditions at Dehra Dun are very different from 
those met with in the natural liabitat of the tree. 

Artiiticial iiepbodttctiok. Experimeuts at Dehra Dun showed that 
young plauts can best be raised on well-drainecl porous soil kept moist and 
protected from the sun. Transplauting can be carried out without much 
dihieulty in the second rainy scason. No plantations of this species, so far aa is 
known, have ever been made. A young tree in the Eorest Research Institute 
grounds, Dehra Dun, raised from seed sown in 1912, shows good promise. 

4. Lagerstroemia liinceolata, Wall. Syn. L. microcarpa, Wight. Benteak. 
Vcrn. Nana, Mar. ; Nandi, bili-nandi, Kan. ; Venlek, Tam. (Eig. 225.) 

A large deciduous trce with smooth whitish bark exfoliating in large 
papery strips. Wood moderately hard, used for building, f imiiture, boxes, &c. 
A valuable timber, but liable to split ancl not durable in tbe open. 

Distbjbutton ahd habitat. ThLs is one of the uiost important trees of 
the west coast of the Indian Peninsula, where it is very common along ancl 
below the Western Ghats from Bombay southwards to Travancore, ascending 
the hill ranges of Coorg, Mysore, and Travancore, and the Nilgiris and other 
hills, to 4,000 ft. In East Khanclesh it is rare, aud in Kolaba and ( S' iirai is 
onl\ r scattcred. 

In its natural babitat thc absoluto maximuin sliade temj>erature varies 
trom 95° to 115° F., the absoJnte ininimum from 43° to 03° F., ancl the normal 
raintall from 30 to 180 in. or more. It attains its best development in regions 
of heavy rainfall, for instancc in Kanara, Malabai-, and Coorg, where it reaches 
a large size. It grows well both on hill slopes and in valleys, preferring crystal- 
liue rocks to laterite. It is found most commonly in mixed deciduous forests 
assoeiated with teak, Terminalia tome?iloea, T. panhulaia, Xylia xylocarpa, 
Dalbergia latijolia, Pterocarpiis Harmpinm, Adina cordijolia, aud other species. 
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Ifc occurs also in evergreen f orest., but usually in the f orm of large trees surviving 
f rom a f ormer deciduous f orest into which the evergreen species have encroached . 

Leap-sheddtng, elowering, and ^EUiTiNG. The tree is leaness for 
a time in the hot season, The small-white tlowers arjpear from April to June, 
and the iruits ripen in the cold season. Thc small liglit seeds fau early in the 
hot season and germinate at the beginning of the rains : they are carried by 
the winds to some distance from the tree. Mr. H. Tireman mentions that he 
has twice tried to raise seedlings in Coorg, but on neither occasion did any seed 
germinate : this would indicate that the germinative power, like that of other 
species of this genus, is uncertain. 

tSiLVicuLTUEE and jsATUEAL eepkoduction. Tlie factors innuencing 
natural reproductiou require turther study. So far as is known the seedlings 
do not stand exposure to a hot sun, and benent by slight shade, while they 
requii'e a fair amount of moisture in the soi.1. Bare loose soil aids natural 
reproduction, whicli appears freely on abandoned cultivation. The seedling 
is capable of bearing considerable shade, but iater the tree benents by an 
abuudance of light, though it is less light-demancling than teak. ITire does 
not appear to do much harm to reproduction, though it produces hollows at 
the bases of thc trees. in the moister types of forest firc-protection has had 
an ,1 dver.se effect in oncouraging the growth of dense evergreen vegetatiou 
whicli has preyented the reproduction of this and other light-demanding 
deciduous trees. Mr. H. Tireman notes that the limited amount of grasring 
in Coorg is benehcial in keeping down undergrowth and favouring natural 
reproduction. The tree coppices well. 

Rate of geowth. 1. High forest. The tohowing tablo has bsen com- 
piled from raeasurements, based on ring-countuigs, reciorded in high torest 
working pla.us in the North Kanara district, Bombay : 

Lagerslromiia lanceolata : rate of growth in cliamcler in iiigh torests of the 
North Kanara district, Bombay. 

Ankola Ankola- Slrsi Ycskambi 

iSujhi fuel higli Kalinaddi Sopinhosalli Knmta town _ iSonda 

refiri'ves. 1 forest.'- slopes. 11 higb torost. 3 coast. 3 forests. 3 high forest. ;i 

A»f. (1900) (1008) (1909) (.1910) (1911) (.1913) (1914) 

yoai'.-. iji. in. in. in. iu. in. in. 

I.(i 2-2 2-7 2-9 1-8 2-0 1-1 1-3 

2(i 4-4 4-9 5-3 3-6 4-8 2-4 3-2 

30 6-7 0-7 7-o 5'3 7-2 3-8 5-5 

4H 8-9 8-i") 9-7 7-1. 9-3 5-3 7-8 

50 10-S 10-3 11-9 9-0 11-4 6'9 10-0 

(50 12-2 II '9 14-2 10-9 .. 8-2 11-8 

70 13-2 13'3 15- 9 12-8 .. 9-7 13-4 

80 13-7 14'8 17-5 U-i) .. 11-2 15-0 

90 .. 16-2 19-0 16-2 .. 12-6 16-4 

100 .. 1.7-5 2(K! 17-8 .. 13-8 17-8 

110 .. 18-6 21-7 19-3 .. .15-0 19-1 

120 ... 19'6 22-9 20'8 . .. 16-1 20-3 

130 .. 20-0 23-9 .. ., 17'2 21-4 

140 . . 21-5 25-0 . . . . 18-3 22-5 

150 .. 22-4 25-9 .. .. 19-4 23'6 

1(30 .. 23-2 2G'8 .. .. 20-5 24-6 

170 .. 24-0 27-5 .. .. 21-6 26-6 

18(.i .. 24-7 28-2 

Note. — Diametor esclndea bark : ayorage bark thiclmess 0'33 in. in Ankola, 0-3 in. in 
Kiiliiiacldi elopes aiicl Sopinhosalli. 

L Measurements by I). A. Thomson. ~ Measurements by E. S. Pearson. 

■ a Measurements by S. E. Aitchison. 
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Mr. H. Tireman has recorded the following measurements, made in 1916, 
of trees which sprang up in fcwo teak plantations in Coorg. formed in 1884 
and 1891, and therefore 32 and 25 years old respectively : 



Plantation of 1884. 




Girth at 


Height. 


breast hoight. 


ft. 


ft. in. 


(1)65 


2 9 


(2)61 


2 8 


(3)60 


2 S 


(4)58 


1 10 


(5)51 


1 10 


(6)50 


2 10 



Plantation of 1891. 




Girth at 


Height. 


breast height, 


ffc. 


ft. in. 


(1)50 


2 5 


(2) 49 


2 6 


(3)48 


2 8 


(4)47 


2 7 


(5)45 


3 2 


(6)45 


1 10 



Since the age of these trees cannot be greater than that of the plantations, 
the„raean annnal girth increments would be at least 0-91 and 1-13 in. in the 
two plantations respectively. 

Measureraents in North Malabar gave tbe following results : 

Average ago at 6 iil. diameter 28 years. 
SJ ,, 12 ,, „ 50 „ 

18 72 

3, 24 „ „ 103 „ 

Gamble's speoimens gave six to eight rings per inoh of radius, representing 
a mean annual girth increment of 0-78 to 1-05 in. 

2. Coppice. Mr. H. Murray records the following measurements of 
coppice-shoots in Belgaum : 

Age. Height. Diameter. 

years. ft. in. 

5 10-5 2-3 

10 10-0 3-6 

15 23-0 4'6 

20 27-5 5-8 

25 31-5 6-9 

30 34-5 8-0 

35 370 9-0 

40 39-0 9- 75 

5. Lagcrstrocmia inacrocarpa, Wall. Vern. KSnpyinma, Burm. 

A moderate-sized tree, somewhat resembling L. Plos-Reginae, bnt with 
larger leaves and nowcrs. The latter are 3 in. or more iu cliameter, ancl the 
tree is extremely handsome when in Aower in the hot season. This species is 
most commonly founcl in the plains forests and on eultivated lands, often in 
rather low bushy form ; it is usually connnecl to moist or even swampy 
situations. 

6. Lagerstrocmia hypoleuca, Kurz. Vern. Pyinma, Burm. (in Anclamans) ; 
Pdbdd, And. 

A large deciduous tree with thin whitish bark. Wood hard, clurable, 
used for building, shingles, wheel-work, and other purposes ; apt to split in 
seasoning. This is one of the principal species of the Andamans, where it 
occurs chiehy in deciduous forests associated with Pterocarpus dalbergioides, 
Terminalia bialata, T. Manii, T. Catappa, Odina Wodier, Bombax insigne, 
Albizzia Lebbeh, Adenanthera pavonina, Stemilia spp., and others. Lager- 
stroemia hypoleuca is found usually on sandy soil on low ground, and is less 
common in the hills. It extends into evergreen forest, where it is associated 
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with various speoies of Bipterocarpus and bther trees. Mr. C. G. Eogers * 
notes that the tree seeds freely nearly every year, and the seeds germinate 
easily ; on Wilson Island he mentions that natural reproduction in very open 
f orest is remarkably good, extensive thickets of this species being f ound. 
Mr. F. H. Todd 2 notes that natural reproduction is good in the North Andaman. 
Flowers June-July ; fruits eold season (Kurz). 

2. DUABANGA, Ham. 

Duabanga sonneratioides, Ham. Vern. Lampatia, Nep. ; Khokan, Ass. ; 
Myauhngo, Mau-lettanshe, Burm. (Fig. 229.) 

A large deeiduous tree with charaeteristic long horizontal branches 
drooping at the ends, and opposite large sessile leaves. Bark greyish brown, 
peeling off in thin nakes. Under forest conditions the tree forms a long clean 
bole. iSometimes it attains a very large girth ; Mr. J. W- A, Grieve ineasurecl 
a tree 18 ft. in girth in the Tista valley. Wood grey or yellowish grey, soft, 
seasoning well without warping or splitting, excellent for tea-boxes, for wliich 
it is largely used ; also used for canoes, and has been reported on as a good 
wood for matcli manutacture. As a fast-growing useful softwood this tree is 
well worth more attention. 

DisTMBtmoN and habitat. Eastern sub -Himalayan tract, ascending to 
3,000 ft., Assam, Manipur, Chittagong, Burma, Andamans, and Mcobars. It 
occurs maiiily along the bauks of streams and on the sides of moist ravincs, 
springing iip on landslips and otlier places where the soil has been exposed, 
always on well-drained ground. It is essentially a tree of moist warm climates. 
In its natural habitat the absolute maximum shade temperature varies from 
98° to 110° F., the absolute minimum from 36° to 60° F., and the normal 
rainfall from 50 to 200 in. 

Leae-shedding , elowerIjSTG , and 3?b,tjiting. The tree is leaness for 
a time in the hot season. The clusters of large showy white Aowers appear 
at the ends of the long spreading branches in February-March, weighing them 
down at the ends. The capsules ripen in the end of April or during May. The 
seeds (Fig. 228, a) are minute, averaging 0-05 in. long, tapering at each end 
to a point, and very light. Tests at Dehra Dun showed that the seed retains 
its vitality fairly well for a year. The tree Aowers and fruits at an early age 
(six years in the case of a tree planted at Dehra Dun). 

Germination (Fig. 228, b-d). Epigeous. The testa splits at one end 
and the radicle emerges ; the hypocotyl elongates, carrying the testa above 
ground, and the latter falls with the expansion of the cotyledons. 

The seedling (Fig. 228). 

Roots : primaiy roofc at nrst minute, resembling a fine thread, with a mass 
of woolly hairs round upper part ; by end of lirst season from two to several 
inches long, moderately thick, with long branching nbrous lateral roots, chiehy 
from upper part of main root. Hypocotyl distiuct, at hrst less than 0-1 in. 
long, very nne, white or green, atterwards elougating to 0-2-0-3 in., becom- 
ing thicker, often dark red. Gotyhdons at hrst less than 0-05 in, long, after- 

1 Report on the Exploration of the l^orests in tlie Soutli Aiidanian and otlier Islands, 1906, 
jiara. 23. 

2 Draft Working Plan for the North Andaman, 1900. 
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warcls enlarging to 0-15-0-2 in. by 0-1 in., ovate, apex rounded, base obtusc 
or sub-cordate, entire, delicate, green, later often turning dark red. Stem erect, 
quadrangular, the corners winged by the clecurreut leaf-bases, glabrous, green 
with a pink tinge in first season ; internodes in nrst season 0-1-0-5 in. long. 
Leaves simple, alternate on main stem, opposite on side branches, sub-sessile 
or with petioles up to 0-2 in. long, exstipulate, first two or three leaves often 
small and abortive. Normal leaves 1-3 in. by 0-3-0-9 in. in first season, up 
to 8 by 2 in. in second season, oblong lanceolate, acute or acuminate, base 
elongated and decurrent down petiole and stem, decurrent winga expanding 
abruptly on joining stem, entire, glabrous, dark green with petiole and dceur- 
rent wings often pink. 

After germination the young seedlings are extremely minute, almost 
resembling green powder on the surface of the ground ; they are smaller even 
tlian those of Adina cbrdifolia or Stephegyne parvifolia. The growth during 
tlie tirst season is slow, a height of only 1 or 2 in. being attained by the end 
of the year. During the second year the growth is more rapid, a height of 
2 ft. or niore being attained ; thcreafter the growth is very rapid. Seedlings 
raised at Dehra Dun proved to be very sensitive to drought and frost ; the 
former ia seldom and the latter never experienced within its habitat. The 
seedlings are somewhat subject to the attacks of insects, and in the forest 
young plants are readily eaten by deer and cattle. Young saplings deve!op 
characteristic long horizontally spreading branches at an early age. 

Nattjral repboduction. Natural secdlings spring up on newly exnosed 
ground such as landslips and river-banks, and appear to require for tlieir 
dcvelopment au abundance of light and absence of drip from overhanging 
trees. Complete drainage and loose but moist sbil also appear to be necessary. 
Natural reproduction comes up readily on banks of silt in the beds of 
rivers. Mr. Gamble 1 describes the prorusion with which natural seedhngs 
come up on the sites of old charcoal kilns in the Darjeeling tarai. The nearest 
seed-bearers were at least half a mile distant, and the seed must havo been 
carried by wind. The sites of these charcoal liilns evidently offered ideal 
conditions for the germination of the seed and the development of the seedlings, 
whicli clid not appear elsewhere in the neighbourhoocl, even on recently hoed 
ground. 

Expcriments at Dehra Dun showed tliat :if seed is scattered soon after 
ripening over fine earth or powclered eharcoal in tlie open it is washed into 
heaps by the early monsoon showers, and. the minute seedlings appear in 
groups, but are washed away in quantitics cluring tlie rains. Only where tlie 
clrainage is perfect and the young pla.nts grow vigorously enough to obtain 
hold of the grouud before being washecl away, is it possible for any seedlings 
to survive the hrst season. In the case of charcoal-covered ground it is 
probable that the exceptional vigour induced by the porosity of the germinatitig 
bed is the main cause of the survival of the young seedlings. 

Aetipicial reproductiow. Direct sowings on barc hoed grouncl liave 
been carried.out frequently in Bengal, and landslips are occasionally sowu uj). 
with success. On the whole, however, sowings have proved a 1'ailure owing 
chiefly to the liability of the young plants to be washed away during the first 
season. 

1 Ind. Forester, iv (1878-9), \>. 245. 
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In the Mongpoo plantations of the Ginchona Departrnent, in the Darjeeling 
hills, the seed is sown about the end of May or beginning of June in well-raised 
seed-beds of porous soil which have beeii very little manured, and the beds 
are sheltered by sloping double bamboo mats about 3 ft. above the ground. 
The seedhngs are pricked out once and are not planted out until early in the 
rains of the foIIowing yearywhen they are about 1 ffc. high. 

Experiments at Dehra Dun showed that it is impossible to raise seedlings 
in open seed-beds, as the minute seedlings are washed away or beaten down 
ancl destroyed by heavy rain. The best results were attained by mbdng the 
seeds with fine earth and scattering the mixture on very fine porous soil or 
on powclered charcoal in May or early June in boxes kept under cover or in 
well-raised seed-beds protected from rain by screens. Great care is necessary 
to water the beds or boxes with a very fine spray. The seedlings may be 
pricked out when about 1-2 in, high, and transplanted at the beginning oi 
the next rainy season. Little cliinculty was experienced in transplanting the 
seedlings provided the roots were kept enclosed in balls of earth. Basket 
planting would probably prove successM, the seedlings being transferred to 
baskets towards the end of the first rainy season. 

Direct sowings on raised mounds under bamboo mats have given some 
success in the Tista forest clivision of Bengal. Mounds of loose soil 3 ft. by 
,3 ft. at the base and 6 in. high are sown with a pinch of seed and covered 
with bamboo mats 2 it. by 2 ft. in size raised 1 ft. above the mounds. Tlie 
mats are removed as soon as the seedlings are well established, that is, about 
the end of the rainy season. SuperAuous plants are removecl and used to 
nll up gaps. 

In plantations protection from deer and cattle is necessary for the nrst 
few years. 

Ratb 0]? growtii. After the first year or' two the growth is rapid, an 
averagc height increment of 5 ft. a year or more being not unusual. A sapling 
at Dehra Dun attained a height of 9 ft. 2 in. and a girth of 6| in, at 4ft. from 
ground-level by the end of the fourth season, including a height-growth of 
only about 1£ in. during the first season ; this, in a locality far outside its 
natural habitat, and subject to more severe cold than it is ordinarily accustomed 
to, is very fair growth. 

Measurements carried out by Mr. E. Marsden in 1917 in three sample 
plots in the Darjeeling hills gave the following results : 

Duabanga sonneratioides : measurements in sample plots, 
Darjeeling hiKs. 









Aftar thinning. 






Yiol 


d from tliinning in 1 917. 










Volume 


pei 1 aore 


, aolid. 




Vo]umo per aore, aolid. 










Tiraber 








Timbor 






Nmnber 




over 






JTumber 


over 






o£ atems 


Mean 


Mean 24 in. 


Small- 




of stems 


24 in. Small- 




Ago. 


por aore. 


girth. 


height. girth. 


wood. 


Total. 


per acre. 


girth. wood. Total. 


Locality. 


years. 




ft. in. 


ft. oub.lt. 


cub. ft. 


cub. ft. 




cub. ft. cub. ft. cub. ft. 




3 


328 


11-6 


34 — 


310 


310 


317 


— m 123. 


Bolow 
Lojwhu. 


G 


131- 


2 2-0 


50 364 


559 


923 


86 


316 316 


Near Birick. 


10 


110 


3 3-7 


78 2,308 


408 ... 


2,716 


99 


— 575 . 575. 


iSumbong. 
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The seeond of these plots is shown in Eig. 230. These ngures show a very 
rapid rate of growth and a high yield. Trees measured in 1915 in a plantation 
in the Jalpaiguri district had attained a height of 18 ft. in five years. 

The rate of growth as deduced from measurements in two unthinned 
sample plots in the Darjeeling division was as Mlows : * 

Duabanga sonneratioides : girtli increment in unthinned sample plots, 

Darjeeling division. 



Agc. 


Mean girth. 


years. 
' 10 

20 

30 


ft. in. 
1 10J- 

3 2 

4 2i 



Age. 


Mean girth. 


years. 
^40 

50 

60 


ft. in. 

5 2| 

6 4 

7 4-:i 



The growth here is considerably slower than that shown in the first state- 
ment : this is possibly due to the fact that no thinnings were carried out. 

Ring-countings in respect of 25 trees in the Tista valley gave an average 
of 3-1 rings per inch of radius, representing a mean annual girth incremenb 
of 2-026 in. 2 

Garnble's specimens averaged 5 rings per inch of radius (mean annual 
girth increment 1-26 in.), while one specimen showed 2 rings per inch (mean 
annual girth increment 3-14 in.). 

3. SONNERATIA, Linn. f. 

This genus comprises trees with opposite entire tliick leaves, growing iu 
the mangrove swamps of littoral regious (see under ' Rhizophoraceae '). There 
are four Indian species, of which two, 8. acida, Linn. f., and 8. apetala, Ham., 
are fairly widely distributed along the coasts and two, 8. alba, Smith, and 
8. Griffithii, Kurz, are far more local. 

Species 1. S. apetala, Ham. ; 2. 8. acida, Linn. f.; 3. S. Griffithii, Kurz ; 
4. 8. alba, Snhth. 

1. Sonneratia apetala, Ham. Vern. Keora, Beng. ; Kandal, Mar. ; Ky- 
lanki, Tel. ; Marama, Tam. ; Kanbala, Burm. 

A small to moderate-sized evergreen tree with slender droopiug hranches 
and iight glaucous-green foliage. Bark black, smooth, with horizontal oval 
lenticels. The tree produces thin upright rather sharp pneumatophores from 
its superhcial roots. It coppices vigorously. Wood modesately hard, used 
for planking, iurniture, knees of boats, and fuel. 

Disthibution anb habitat. Tidal forests of tlie coasts of Incha and 
Burma. This is one of the chief constituents of the mangrove formation. 
growing gregariously and springing up in more or less pure patches, usually 
on new alluvial land thrown uj) in the form of islands or of flats in thc bends 
of tidal rivers and estuaries. It is a common tree in the Sundarbans, appearing 
on newly formed land and gradually dying out on the higher ground, where 
ib tends to be replaced by Heritiera Fomes and other species. 

Floweeing and pruiting. The whitish nowers aimear from April to 
June. Ripe fruits have been received from the Sundarbans in September. 

1 Statistics oompiledin the Silvionlturist's OrRee, 1016—17, Ind. For. Ree., vol. vi, pt. v. 

2 Working Plan for the Darjeeling Foresta, J. W. A. Grieve, 1912. 
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They are globose, about 0-7-0-8 in. in diameter, Aeshy, indeMscent, containing 
several angnlar irregularly-shaped seeds about 0-3 in. long, with a rather hard 
testa. The iruits are buoyant, and are distributed by water ; they are also 
said to be eaten by birds. Aiter Mling they soon rot and disintegrate, the 
seed being scattered. 

Geemination. Epigeous. The testa splits at one end and the radicle 
emerges. The hypocotyl arches and the testa is carried above ground, falling 
with the expansion of the cotyledons. 

Rate 03? gbowth. Mr. Trafford l notes that this tree grows more rapidly 
than any other in the Sundarbans ; he estimates the mean annual girth 
increment at 1-2 in. 

2. Sonneratia acida, Linn, f. Vern. Ora, orcha, Beng. ; Tiwar, Mar. ; 
Thirala, Mal. ; Tabu, lamu, Burm. 

A small evergreen tree with dull green f ohage and black shining lenticellate 
bark. It procluces pneumatophores in the shape of asparagus-like rootlets 
emerging from the mud. This is another common species of the mangrove 
swamps, with an even wider distribution than S. apetala. 

3. Soimeratia GrriWitlrii, Kurz. 

A species of the Burma eoast, strongly resembling S. acida. 

4. Soimeratia alba, Smith. 

A shrub or small troe of the mangrove swamps of the Andamans, Mergui, 
and the Konkan (Brandis). 

4. WOODEORDIA, Salisb. 

Woodioruia Iloribimda, Salisb. Vern. Dhaula, dhau, ddwi, Hind. ; Dhaili, 
Mar. ; Jaji, Tel. ; Yethyi, pattagyĕ, panU, Burm. 

A large shrub with more or less nutecl stem and long apreading branches, 
widely chstributed throughout India and the drier parts of Burma, ascending 
to 5,000 ft. in the Himalaya ; also in Africa, Arabia, China aud elsewhere, 
and in Ceylon (rarc). 

This is a common gregarious slirub which springs up on landslips, 
abandoned cultivation, and other open places, kilhng out grass and acting as 
a useful soil-improver and a most eincient nurse to tree species, incluciing sal, 
which come up freely under its protective cover. For clothing lanclslips it 
is invaluable. It is not eaten by cattle, ancl is frost-hardy, and thus appears 
often in extensive pure masses on open ground subject to grazing. In tracts 
where shifting cultivation has beeu practised the presence of old bushes of 
Woodfordia gradually dying out under the shade of poles of tree apecies usually 
indicates the site of a former cultivated clearing in which the shrub has 
appeared and the tree species have grown up through it, eventually sup- 
pressing it. 

The bright red flowei's, wlrich appear from January to April in axillary 
cymes along the spreading branches, make the plant a conspicuous sight. 
The capsules ripen from April to June and shed the miuute seeds, which 
require open well-drained ground for germination. Mr. Haines notes that 
it scatters its seeds slowly for several weeks, and only that seed germinates 



Workiiig Plan for the Siuidarbana, 1912. 
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and survives whieh is lucky enough to fall just before a several days' period 
of continuous wet weather. 1 

The most successM way in which to grow the plant artincially is to sow 
the seeds in broken bricks ; on ordinary seed-beds it is very difficult to obtain 
germination and to raise seedlings. The plant coppices well ; coppice-shoots 
five years old in the Gorakhpur district, United Provinces, averaged 10 ft. 3 in. 
in height. 

5. PUNICA, Linn. 

Punica Oranatum, Linn. Pomegranate. Vern. Anar, Hind. ; JJharu, 
daruna, Pb. 

A deciduous shrub or small tree, indigenous in Persia and Afghanistan ; 
wild and probably indigenous in Hazara ; where it is very common and often 
gregarious on dry rocky ground on the limestone of the outer hill ranges at 
3,000-5,000 ft., often associated with Oka cuspidata ; also found in the Kagan 
valley up to 6,000 ft. on dry hill-sides. It is widely cultivated for the sake 
of its fruit, and is frequently found as an escape from cultivation, particularly 
in the Himalaya, where it ascends to 7,000 ft. and where it sometimes forms 
dense crops on the gravel and boulder deposits in the beds of dry ravmes and 
similar places. It is cultivated from seed or from cuttings. In the Himalaya 
it Aowers chieny from April to July, and the fruits ripen from July to October. 



ORDER XXX. SAMYDACEAE 
Genera 1. Casearia, Jacq. ; 2. Homalitjm, Jacq. 

1. OASEARIA, Jacq. 

Species I. G. tomenlosa, Roxb. ; 2. G. glomerala, Roxb. 

1. Oascaria tomentosa, Roxb. Vern. Chilla, bheri, Hind. ; Modi, Mar. 

A small deeiduous tree with spreading branches, tomcntose leaves, and 
small greenish Aowers clustered in the axila of the leaves. The wood is of 
little use, but the tree is common in the sub-Himalayan tract and the Indian 
Peninsula in deciduous forests, open scrub junglea, and waste lands. It often 
owes its abuudance to its immunity from damage by graaing. It is very 
drought-hardy, as was shown in the abnormal drought of 1907 and 1908 in 
Oudh. It sutlered much in the severe frost of 1905 in northern India, but 
apparently has good powers of recovery, since it is frequent in grassy blanks 
subject to annual frosts. The tree coppices well. The rate of growth in high 
forcst is slow, sample plots in sal forest in the United Provinces showing mean 
annual girth increments of 0-09, 0-19, 0-22, and 0-34 in. Coppice-shoots grow 
more rapidly. Measurements made in 1911 in a coppice coupe one year old 
in the Tikri forest, Gonda, United Provinces, showed an average hcight of 
4-5 ft. as against 4'7 ft. for sal. Measurements made in 191.0 by Mr. MoCrie 
in coppico coupes in Gorakhpur, United Provinces, showed thc following 
results for Oasearia iomentosa and sal respectively : 

1 Inspeotion noto, Palamau, 1915. 
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Casearia tomentosa : coppiee measurements, Gorakhpur, United Provinces. 

Mean girth. 

Age. Cascaria. Sal. 

yeara. in. in. 

2 — — 

4 1-7 2-0 

6 2-4 2'9 

8 3-0 3-8 

10 3-5 4-8 

12 4-0 5-8 

14 4-5 6-7 

16 5-0 7-5 

The following measurements were recorded in 1886 by Mr. A. I\ Broun 
in coppice coupes at Bullawala, Dehra Dun : 

Gasearia iomeniosa : coppice ineasurements, Bullawala, Dehra Dun. 
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8 
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8-3 
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10 
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5-9 
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2. (Jasearia glomerata, Roxb. Syn. C. graveole.ns, Dak. Vern. OMlla, 
?iara, Hind. ; Giridi, TJriya ; Bokhada, Mar. ; Barhlioli, Nep. 

A small to mod.erate-sized deciduous tree, sometimes a mere shrub, with 
long spreading branches and leaves which turn a deep coppery red in the cold 
season. Brandis unites 0. glomerata, Boxb., and C. graveolens, Dalz. Gamble 
(Man. Ind. Timbers) describes the former as a large evergreen tree of the 
eastern Himalaya, Khasi hills, Sylhet, and hills of TJpper Burma. Manson, 1 
describing the eastern Himalayan tree, notes that it is often found in second 
growth forest, perhaps most commonly on warm sunny aspects ; seedlings are 
plentiful and do well with plenty of light while thriving also under cover, and 
the tree is a capital nurse for restocking blanks. 

The tree is common in mixed forests throughout the greater part of India 
and inBurma, where it is frequent in the lower rnixecl forests. The wood is 
little used. 

2. HOMALIUM, Jacq. 

Homalium tomentosiun, Benth. Vern. Myauhchaw, Burm. 

A large deciduous tree with thin very smooth whitish bark, 1'ound in 
deciduous lorests throughout Burma exeept in the drier parts of the clry zone. 
Also in Chittagong and the Northern Circars (Gamble). This is one of the 
most characteristic trees of the mixed deciduous forests of Burma, its smooth 
clean white bole rendering it very conspicuous. It attains large dimensions ; 
Fig. 231 shows a tree 12 ft. in girth and 120 ft. in height. It is abundant in 
the upper mixed lorests with teak, Xylia dolabriformis, and their associates 
(see Fig, 232). It is also common in the better drained portions of tlie lower 
mixed forests:, but not in areas which are water-logged for part of the year. 
Generally spealring, ite presence appears to be an indication of good drainage. 

1 Working Plan for the Darjeoling Porosta, 1893. 
T 2 



,612 XXX. SAMYDACEAE 

It hseeds 1'reely, and natural seedlings often spring up in great abundance, 
standing moderate shade and often forming dense pure thickets : in some of 
the teak plantations of Burina natural reproduction springs up Ireeiy and forms 
a lower story to the teak. The factors innuencing natural reproduction liave 
not been stuclied in detail. Seedlings raised at Dehra Dun succumbed to frost, 
which, however, is uot meb with in their natural habitat. The tree coppices 
well ; an average of 3 shoots per stool was reoorded in coppice meaaurements 
in the Rangooii plains forests. The wood is tough and elastic, bub is apt to 
develop small cracks in seasoning. It is an excellent fuel. The rings are 
distinct on a smooth cross-section. A specimen from Burma showed 9 rings 
pcr incli of radius, giving a mean aimual girth inerement of 0-7 in. 

ORDER XXXI. DATISCACEAE 

TETRAMELES, R. Br. 

Tetramoles niulmora, R- Br. Vcrn. Jermala, bondale, Kan. ; Ugud, Mar. ; 
Uhini, Tam., Mal. ; Thilpok, Burm. ; Baing, TJ. Burm. 

A lofty deciduous tree with a long clean bole and immense plank butbresses 
at the base. Bark greyish white, fairly smooth. This tree is a conspicuous 
one in moist tropical and eyergreen forests in tlie eastern sub-H.imalayau tract 
nnd outer hills, Western Ghats and Nilgiris, and in Burma, towering abovc 
the evergreen vcgetation. Ganiblc records a tree measured by him in tiic 
Buxa forests, Bengal, 154 ft. high and 15 ft. in girth. It sheds its leaves about 
Janiiary, and tlie new leaves do not ajDpear until late in the hot season or early 
in tlie rains. The yellowish green iiowers, which appe.ar in Eebruary-Marcli 
when the tree is leadess, are much sought after by bees, whicli oiten build 
their hives in tliis tree : thc capsulcs ripen in April-Majr, aud the small seeds 
are carried to a distance by the wind. Tiie rate of growth is rapid, but no 
detaiied records are available. Tlie wood is whitish, soft, rather coarse, aud 
not durable ; in southern India it is used for dug-out oanoes, after trcatment 
with lish oil to increase its durability : it is also usecl ior rough packing-cascs 

ORDER XXXII. CACTACEAE 

OPUNTIA, Mill. Prickly pear. 

'JMie name ' prickly pear ' lias been given to certain species of 0;punlia 
inbroduced from South America. The commonest sfjecies naturalized in India 
is 0. Dillenii ; Haw., with ilat succulent jointed branches, long sharp spincs, 
and tufts of bristles ; tlie tlowers are bright yellow tinged with red. A rcd- 
tlowered species cominon in thc neighbourhood. of Madras is said to bc 0. 
spinosissima, Mill. 

Prickly j)ear was introduccd into India, ib is believed, less tlian a century 
ago, but it has spread witli such rapidity in the drier parts of the country, 
particularly in tlie Deccan and southern India, that it is now one of thc most 
noxious weeds with whicii the forest officer has to contend. Provided it is 
kept in clieck it is an extremely good hedge plant, pieces of the stem and 
branches stuck in the ground quickly taldng root, spreading and lorming an 
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Fig. 231. Homalium, lomanlosum, girth 12 ft., hoight 120 ft., Minhla reserve, 
Tharrawacldy, Burma ; the bamboo is Bambusa polymorplia. 
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Fig. 232. Homalium lomentosum (two wliite smootU-bai-ked trecs, tUe rigUt- 
hand one forked) in uppcr mixed iorest, Prome, Buvma. 
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inipenetrable ancl formidable hedge. The 1'ruits are eaten by man, animals, 
and birda, and the seeds are spread by their agency. The plant thrives on 
dry barren ground and is amply protected by its spines, and tlms it spreads 
unchccked over waste and forest lands even where there is heavy grazing. 
To soine extent it seiwes a useful purpose in grazed areas, in affording protec- 
tion to seedlings of forest trees, which are able to establish themselves amid 
tlie clumps of prickly pear. But any good effect the plant may have in this 
respect is far outweighed by the harm it does in monopolizing large areas to 
the exclusion of forest growth and fodder grass. 

Various eiJorts have been made to eradicate prickly pear over giyen areas, 
particularly in Madras, but the process has proved a costly one. Mere cutting 
or uprooting is of httle avail, since the cut pieces, if left on the gronnd, merely 
take root and produce new masses of prickly pear. Burying the cut pieces 
in deep pits lias been tried, but even with a covering of earth 1 ft. thick new 
plants made their way up and the surface of eaeh pit became a dense mass 
of prickly pear. Stacking the cut pieces on a layer of brushwoocl and burning 
tlicm proved more successful, the stacks being left to dry for a few months 
and then burnt : a few young plants subsecruently came up, but they were 
dug up without chfficulty, Mr. A. Lodge has tried poisoning the priekly pear 
by cutting it into pieces and watering them with a weak solution of arseniate 
ot soda ; the results were rpiite successful, the pieces turning blaek and 
shrivelling up, but the operatiou was expensive, and the use of a deadly poison 
neoessitated careinl superyisiou. 

It is doubtlul if the eradicatiou of prickly pear over extensive areas will 
be ieasible unless some means can be discovered of recouping the cost by 
provicliug for its remunerative utilization. When dcprived of its spines it is 
utilizabie as fodder for cattle, though the latter appear to take to it oniy by 
degrees. An interesting experiment in burning of[ the spines and teeding 
cattle with chopped-up pieces of prickly pear, to which 6 per cent. by weight 
of cotton seed was adclcd, is clescribecl. by Messrs. E. W. Horn ancl S. G. Mut- 
kekar in the Agrieullural Journdl of India, vol. ix, pt. ii (April 1914), p. 190. 
The experiment in cjuestion proved decidedly successlhl, the animals gainiug 
ajjpreciably in weight and coudition. A method of burning off the spines 
with vaporized petrol is described in the Indian Forester, vol. xlu (1916), 
p. 379 (cptoting from the Pioneer). Other possible uses for tlie prickiy pear 
wliieli liave been suggested are the manufacture of alcohol or of paper pulp. 

OKDER XXXIII. BUBIACBAE 

A large and imporiant orcler, fumishing not ohly uscful timber trees but 
also trees and shrubs yielding drugs, dyes, and edible products, e. g. Ginchona, 
(Joffea, Morinda, and Rubia. Most of the important timber trees (Anlho- 
cephalus, Adina, Nauclea, ancl Stephegyne) are charaoterized by very small 
Jight seeds which for successiul germination recpiire bare ground devoid of 
weed-growth, while the minute seedlings are liable to perish in quantity through 
beirig washed away by rain ; their reproduction is therefore dependent on 
somewhat speeial conditions. 

Cieneca, 1. ANTHOOBMiAr/iTS', A. Rich. ; 2. Adina, Salisb. ; .'). STiOPTjBoYSTB. 
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Korth. ; 4. Nauclea, Linn. ; 5. Hymenodictyon, Wall. ; 6. Wendlandia, 
Bartl. ; 7. Gardenia, Linn. ; 8. Randia, Linn. 

1. ANTHOCEPHALUS, A. Rich. 

Anthoceplialus Cadamba, Miq. Syn. A. indicus, A. Rich. ; Nauclea 
Cadamba, Roxb. ; Sarcocephalus Gadamba, Kurz. Vern. Kadam, Hind. ; 
Roghu, Ass. ; liadwal, Kan. ; Kadambe, Tel. ; Vellei kadambu, Tam. ; Mau, 
Burm. 

A large deciduous (or sometimes evergreen ? ) tree with spreading branches 
and rather large shining leaves with prominent veins ; the Ieaves are mucli 
larger in young saplings and coppice-shoots than in older trees. Bark grey, 
smooth in young trees, becoming darker and longitudinally hssured in older 
trces, exfoliating in small rectangular plates, yellowish brown inside. Wood 
yellowish white, soft, an excellent tea-box wood, and aiso used for planking, 
dug-out canoes, &c. ; has beeti highly recommended for match manufacture. 
This tree deserves more attention as a useful fast-growing soft-wooded species. 

Disteibution and haeitat. The sub-Himalayan tract from Nepal east- 
wards, Bengal, Assam, Chota Nagpur (va]leys in Singhbhum, Haines), Burma, 
Northern Circara, and the west coast from North Kanara southwards to Tra- 
vancore, butTalbot does not cousider it indigenous in theBombay Presiclency ; 
also in Ceylon. It is cultivated in many parts of India. It is a tree of moiat 
warm regions, frequenting moist typcs of deciduous and evergreen forests, and 
often occurring on alliivial ground along rivers and also on swampy ground. 
It prefers deep well-drained moist alluvium ; on stiff baclly-drained ground 
the growth is poor. In its natural habitat the absolute maximum shade 
temperature varies from 96° to 110° F., tlie absolute minimum from 38° to 
G0° F., and the normal rainfall from 60 to 200 iu. or more. 

Leajt-shedding, tloweiung, and piiuiting. The leaves fall in the hot 
season, the tree becoming leaAe&s or nearly so. The small orange-coloured 
howers, in globose heads 1-5 to 2 in. in diameter, appear chiefly from May to 
July. The 1'ruits ripen and fall in January-Eebruary (Bengal Duars) ; the 
pseudocarp is a globose orange deshy mass of closcly packed capsulcs each 
containing a uumber of minute seeds (Pig. 233, a), the whole 1-5-2-5 in. in 
diameter. Thc fruits are eaten by man and also by cattle, ffuit-bats, and 
other animals, and by birds, the seeds being distributed by their agency. The 
tree nowers and 1'ruits at an early age (live years in the ease of a tree at Dehra 
Dun). 

GtERmination (Pig. 233, b-e). Epigeous. The radicle emerges ancl the 
hypocotyl elongates, carrying above grouiid the cotyledons enclosed iti the 
tcsta, which usually remains adhering to one cotyledon for some time belore 
falling to the ground. 

Th:e seedling (Fig. 233). 

Eoots : primary roob at lirst thin, later becoming long and thick, terete, 
tapering : lateral roots numerous, long, distributed down main root but chielly 
in its uppcr part. Hypocotyl distinct from root, 0-1-0-3 in. long, terete or 
slightly compressed, glabrous in young stages. Cotyledons sessile, under 
0-05 in. long, ovate, acute, entire. Stem ereet, slightly compressed, sometimes 
gi-ooved, nnely tomentose ; internodes 0-3-1-2 in. long. Leaves simple, opposite, 
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Fig. 233. AntJwMphalm Cadamba—SmvuNG 

a-— Seed x \ b - e— Germination stages x \ f-j~- Development of seedling to end of first season (f x J, g - j X \) 
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first one or two pairs often abnormally small, 0-1-0-4 in. long. Stipules 0-1- 
0-4 in. long, triangular, acuminate, nmbriate, pubescent, enolosing the terminal 
bud. Petiole 0-3-0-8 in. long, Aattened above, pubescent. Lamina 1-4-5 in. 
by 0-4-2-5 in., elliptical ovate or obovate, apex aoute or acuminate, base 
tapering, entire, glabrous or glabrescent above, pubescent beneath ; venation 
arcuate, lateral veins 5-8 pairs, veins of younger leaves often pink. 

The young seedlings for the first few weeks after germination are minute, 
and growth during the iirst season is comparatively slow, a height of 2-6 in. 
being ordinarily attained by the end of the season. From the second season 
onwards, however, the growth is very rapid. Seedlings raised at Dehra Dun 
reached a height of 6-8 ft. by the end of the second season, and under climatie 
conditions more suited to this species the growth is faster. 

In their younger stages the seedlings are very sensitive todrought and 
are also liable to damp ofE with an excess of moisture in the soil. They are 
very sensitive to frost, which, however, is unknown in the natural hahitat of 
the tree. Seedlings are much suhjcct to damage by insects, especially during 
the first few weeks. 

Silviottltubal chabacters . Although young plants will stand a little 
shade, and require protection from the heat of the siui in their earlier stages, 
the tree may be regarded as a light-demander ; saplings grown under shade 
become spindly in their efforts to reach the light. The tree coppioes vigorously. 
It is sensitive to frost, which, however, does not occur in its natural habitat. 
Young saplings are very subject to damage from browsing by cattle and deer, 
and in grazed areas are prevented from making headway. 

Natitral RBPBODrrcTiON. As already noted, the fruits are readily eaten 
by cattle and other animals and by bircls, and the secds are spread by their 
agency. Fruits which fall to £he ground and remain uneaten soon disintegrato 
or are partly consumed by white ants, and with the early showers preceding 
tlie monsoon the seeds are washed into heaps along with silt, germinating 
often in dense masses at the commencement of the rainy season : large numbers 
of the small seedlings are washed away and destroyed, and it is only where 
they obtain a secure lodgement until the end of the first rainy season that 
they have a chance of surviving. Cattle are rather important agents in 
securing natural reproduction. Seedlings often come up in considerable 
cpiantities iti grazed areas or in places where cattle are herded together : the 
young plants are browsed down regularly, but if cattle are kept out for a time 
the saplings shoot up and establish themselves. In the Bengal Duars excellent 
natural reproduction may be found coming up in areas previously grazed, but 
recently closed to graaing (see Fig. 234). In the same locality saphngs may 
often be found springing up in grazed areas under the protection of thickets 
of Zizyp'kus Jujuba, Acacia Gatechu, and other thomy species. Reproduction 
also has a tendency to spring up on newly exposed gi*ouud, for example on 
the sides of new roacl embankments. Natural seedlings sometimes appear in 
great abunclance ; thus Mr. S. B. Peal, quoted by Gamble, says he once 
estimatecl that he weeded out 450,000 seedlings on 25 acres of clearance. 

Aiitificial bbpeoduction. The artihcial raising of this species from seed 
is not difficult, but requires great care owing to the small size of the seeds 
and the aeedlings and their liabihty to be washed away, and to the sensitiveness 
of the seccllings to drought on the one hand and excessive moisture on the 
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other. Direct sowings cannot be relietl on. Young plants can be raisecl 
successfully by broadcasting on weu-pulverized fine earth either in well-raised 
nursery-beds or in boxes ; it is necessary that the beds or boxes should be 
sheltered from the sim and rain, watering being carried out with a very rine 
spray irecpiently but sparingly. Sowing may be done from March to May, 
and the plants should be pricked out in beds during the first season, when 
about-2 in. high. The larger plants may be transplanted during the iirst 
rainy season, but the remainder should be kept for a year in the beds and 
transplanted early in the following rainy season. 

Rate op geowth. During its earlier years tlie growth is very rapid. 
Trees planted in 1911 in an avenue at Rajabhatkhawa in the Buxa Duars 
reached a girtb of over 2 ft. and a heigbt of 30 ft. in four years. Mr. S. E. Peal * 
says that the growth is remarkably rapid. for the first six or eight years, 
averaging 10 ft. in height per anuum ; the growth becomes slower up to 
twenty years and then beconies very slow. He records measurements of trees 
sixteenyears old which had reached a girtli of 5 ft. 5 in. at 6 ft. and 3 ft. 8 in. 
at 30 ft. from ground-level ; f of tea-box planking he considers it most proiitable 
to fell at twelve years of age. Sir George .Eart notes a case of rapid growth on 
a low-lying alhwial flat along the Saing river in Toungoo, Burma. Here an 
attempt was made to establish a teak plantation in 1895. The teak failed, 
but Anthocephalus Gadamba came in naturally. In January 19.18, when they 
could not have been more than twenty-two years old, some of the trees were 
?neasured and found to have girths oi: 7 ft. G in., 6 i't. 5 in., 5 fb. 7 in. (twice), 
and. n ft. 6J in. ; the height was estimated to be-not less than 100 ft., and was 
probably more nearJy .120 ft. 

2. ADINA, Walisb; 

Adiua eordilolia, Hook. f. Syji. Naudea cordi/ulia, Willd. Vern. Ilaldu, 
Hind. ; Herldi, Mar. ; YeMat/al, Kan. ; Manja Jcadambu, Tam. and Mal. ; 
Ilnaw, Burm. 

A large deciduoiis tree with a large crown and cordate leaves. Under 
forest conditions the tree produces a long straight clean bole, but it is often 
buttressed and Auted at the base, tiie buttresses sometimes bei.ng of irregular 
and fantastic shapes. In more isolated positions it produces a thick bole and. 
inassive branches witb a large spreading crown (see Eig. 236). Bark grey, 
exfoliating in patches which leave indentations, pinkish inside. Wood yellow, 
moderateiy hard, even grained, used for building, furiiiture, turnery, bobbins, 
boxes, &c. The tree attains large dimensions. Mr. A. Rodger reeords one 
17 ffc. in girth iu the Paungadaw reserve, Ruby Mines district, Upper Burma. 
Mr. H. R. Blaniord in 19J7 took measurements of a Fieus-bomid tree felied 
in tlio Ivatha district, Upper Burma. The tree was hollow, and. the breast-. 
height girth over the Ficus was 24 ft. 5 in. Other dimensions recorded were : 
(1) total height 138 ft. ; (2) length of bole 61 ft. ; (3) height to first branch 48 ft. ; 
(4) girth at height of 32 ft. from ground 14 ft. 2 in., and at height of 56 ft. 
Irorn ground 13 ft. 2 in. 

Distrib"uti'ON an.d hab.i.'1'at. Adina cordijolia is founcl seattered. in 
deciduouB iorests throughout the greater part of India and Burtna ; also in 

1 Ind. Porester, x (1884), p. 245 (qnoting from Ind. Tea Gazotto.). 
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Fig. 234. Anihoceplialus Cadamba, natural reproduction 011 an area tormerly 
grazed but ireo irom grazing in recent years, Buxa diviaion, Bengal. 
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the dry regions of Ceylon. In the sub-Himalayan tract large trees are found 
along the lower slopes of the outer hills from the Jumna eastwards ancl on 
the boulder terraces at the base of these hills, whcre it is somctimes almost 
gregarious. It is also a familiar tree in the sal forests of the United Provinces. 
It is fairly common in mixed .deciduous and sal ibrests in (Jhota Nagpur, and 
is scattered throughout the greater part of the Central Provinces and the 
Indian Peninsula generally. In Burrna it is found both hi the upper mixed 
and in the lower mixed deciduous forests. 

The tree is found most frequently, and attains its hest development, on 
well-drained ground, for instanee along the lower slopes of hills among boulders ; 
it also grows well on alluvial ground provided the drainage is good. Like 
Ntephegyna parvifolia it is sometimes met with in the sub-Himalayan traot 
round the edges of swampy depressions where the soil is stifL' and the 
drainage dencient, but in such places it is always stunted and tends to 
beoome stag-headed early. 

In its natural habitat the absolute maximum shade temperature varies 
from 100° to 11.8° F., the absolute minimum from 30° to 55° F., and the normal 
rainfall from 35 to 150 in. 

Leae-shedding, elowbring, and 3?euiting. The l.eaves are shed about 
February and the trees remain leallcss until about May-June, when the new 
tbliago appoars. The largo wdutish stipnles onclosing the leaf-buds are con- 
spicuous ; they fall to the groimd wlieii the young leaves appear. Tlie yellow 
globose rlower-heads, about 0-6—1 in. in diameter, appear from June to August. 
By Oetober tlie globose fruit-heads are almost f ully formed, but are still green 
and unripe ; they do not actually ripen and shed their seeds until from April 
to June of the following year (northern India). The fruit-head (Fig. 237, a) 
eonsists of a large number of small two-valved many-seeded capsulea. After 
the capside-valves and seeds have been shed the remains of tbe fruit-heads 
appear like small prickly balls lorrned of the bristle-like axes of the capsules ; 
these, on their peduncles 1-3 in. I.ong, soon fall to the ground and may be f ound 
there in quantity during the rainy season. Sometimes the ripe fruit-head falls 
belore shedding the seeds, which may even germinate within the fallen fruit- 
head (Fig. 237, 6). 

Thc seeds (Fig. 237, c) are very small and light, 0'06 to 0-12 in. long, brown, 
with uumerous minute longitudinal wrinkles, one eud tapering to a point, the 
otherterminating in a pair of pointed appendages. As many as 11,000 seeds 
weigh 1 gramme, 'giving over 300,000 to the ounce avoirdupois. Tests cariied 
out at .Dehra Duu showed that the seed, if careluily stored, retains its vitality 
well for at least a year. 

Germination (Fig. 237, d-g). Epigeous. The minute radiclo emcrges 
irom the blunt end of the seed, the hypocotyl elongates, arching slightly, and 
the testa, enclosing the cotyledons, is carried above ground, falling with their 
expansion. 

Thb segdling (Fig. 237). 

Roots : primary root in nrst season very fine, white, delicate, with a dense 
niass of woolly hairs in the upper part whiob. sooa disappears ; in the second 
season much thickened, tough, terete, tapering, yellowish brown : lateral 
roots moderate in number and length, hbrous, distributed down main root, 
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chief lateral roots thickening considerably in second season. Hypocotyl distinct 
irom root, 0-1-0-15 in. long, very fine and delicate, white turning green. 
Cotyledons sub-sessile or very shortly petiolate, up to 0-1 in. long, ovate, 
acute, base truncate or sub-cordate, entire, foliaceous, delicate, green, glabrous. 
Stem erect, terete or compressed, delicate at nrst, becoming woody later, 
tomentose ; internodes at nrst 0-1— 0-2 in. long, in seeond season up to 1 in. 
long. Leaves simple, opposite decussate. Leaves of the nrst season usually 
only two pairs : petiole up to 0-05 in. long, lamina 0-1-0-5 in. by 0-08-0-4 in., 
ovate, acute or obtuse, base obtuse, entire, usually reddish, glabrous, or 
minutely pubescent beneath. Leaves of second season : stipules 0-2-0-5 in. 
long, ovate, obovate or elliptical, pale green, terminal pair enclosing terminal 
bud : petiole up to 0-5 in. long, nattened above, tomentose : lamina up to 
3-5 by 2 in., elliptical ovate, acute, baae acute or obtuse, more rarely cordate, 
entire, glabrous above, paler and minutely pubescent beneath, lateral veins 
6-9 pairs. 

For some little time after germination the seedlings are extremely minute 
ancl delicate, and are very liable to be washed away or beaten down by the 
rain. During the nrst season. their development is slow, many attaining 
a height of only 1 in. or less, with two or three pairs of leaves, though under 
favourable conditions the inore vigorous individuals may attain a height of 
4-6 in. or even more, with seven or eight pairs of leaves. During the second 
season the growth is more rapid, a height of 1-2 ft. or even more being attained 
under favourable conditions, though on stiff soil or weed-covered ground the 
growth is poor ; good drainage and a iree porous soil are essential conditions 
for successf ul development. The taproot remains thin, but attains a fair length, 
cluring the lirst season ; cluring the second scason, however, it thickens con- 
siderably, attaining in some cases a diameter of as much as \ in. The seedlings 
are vcry sensitive to frost and drought. The leaves turn reddish-brown in 
the cokl season and fall about November to Eebruary, the new leaves appcaring 
about March or later (northern India). Eig. 235 shows a vigorous seedling 
in the third season., 

In the forest the seedlings recjuire some practice to recognize, even when 
two or threc years old. Superlicially they are not unlike those of Chrodendrcm 
injbrtunahim, a plant often occurring in the sal forests whcro Adina. is founcl. 
Tlie Adina, seedlinga, bowever, can always be distinguished by the terminal 
stipnles enclosiiig the bud, which are often reclclisli ; also their leaves are entire 
and glabrous, whilo those of Clerodendron seedlings are serrate and pubescent. 

Silvictjltural CHAEAOTERS. Although seedlings spring up under 
moderate shacle, arid require protection from drought, i'rom the sapling stage 
onwards the tree is a strong light-demander. Saplings are sensitive to the 
rubbing of their lcading shoots by overheacl trees, and their leaders tend to 
(lie wliere this tal<es plaoe. l^he soil requircments of the tree have already 
been alluded to : good clrainage is essential for the best development, trees 
on stirT soil remaining stunted. Although the seedlings are sensitive to drought 
the tree is moderately hardy ; it was only slightly affected in the abnormal 
droughts of 1899 aud 1900 in the Indian Peninsula and 1907 and 1908 in Ouclh. 
After the seedling stage it is moderately frost-hardy, having sufL'ered only to 
a slight extent in the severe frost of 1905 in liorthern India. Young plants 
and coppice-shoots sutTer more than those of almost any other speeies from 
browsing by cattle, goats, deer, and nilgai ; they have good power of recovery, 
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Fig. 237, Adiua cordifolia — Seedung 

a — Fruit-head X ;| t> — Fruit-head with germinating seedlings X J c — Seed X z d-g Germiimtion 
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but remain in a bushy condition with repeated browsing. In some Iocalities 
bison and sambhar do inuch damage by barking saplings. The tree coppices 
readily up to a moderate size, producing numbers of shoots, chieny from the 
base of the stool. 

Natukal reproduction. The minute seeds, shed during the hot season, 
are often carried to a djstance by the wind ; in some cases the fruit-heads 
fall before all the seed is shed, and the seed may germinate within the fruit- 
heads. Germination takes place early in the rainy season. The seeds are 
produced in vast numbers, but the proportion of seedlings which survive and 
establish themselves is relatively very small. The chief reasons for this are : 
first, that the minute seeds and young seedlings are very liable to be washed 
away and so perish ; and second, that the seedlings in their early stage are 
very delicate. It is often recorded that the natural reproduction of this 
species is almost entirely absent ; this is, however, far from being the case, 
and such statements are probably as a rule the rcsult of failure to recognize 
the seedlings. 

For successiul germination under natural conditions bare ground appears 
to be essential, whereas for the successful establishment of the young seedling 
it is necessary that the seeds, or perhaps even the young seedlings, should be 
washed up out of the reach of hoods during the tirst rainy season, and hnd 
a lodgement in a well-drained situation where the seedlings are not liable to 
be inundated or washed away. Seedlings havc actually been observed in 
greater or less abundance in the following situations : (1) on small landslips 
on hill slopes ; young plants of all ages are oiten found 011 such ground at 
the base of the outer Himalaya ; (2) in loose earth and debris at the base 
of the hills ; where this material is washed out over natural well-drained 
terraees seedlings are often plentiful, and this no doubt explains the origin 
of the many large old trees found on the boulder terraces at the foot of the 
Himalaya ; (3) on well-drained alluvial ground near rivers, and on flat ground 
generally, always provided the ground is bare and not covered with weeds 
when the seed germinates ; on such ground seedlings niay often be found in 
plenty on small natural humps or mounds, or round the bases of trees or 
termite heaps, where the seeds or young seedlings have been stranded during 
the rains ; as many'as eiglit small seedlings were counted iu the slightly raised 
earth round the base of one sal tree on flat ground in the Crorakhpur forests, 
United Provinces ; (4) on abandoned cultivation, for instance in kmngya 
olearings in Burma, where natural reproduction often springs up in quantity ; 
(5) on the sides of walis, embankments, and ditohes ; on the side of the 
boundary trench round the Birpur forest rest-house, Gonda, United Provinces, 
were observed numerous saplings sprung from seed washed. on to the sid.es 
of the trench, probably on new ground when the trench was made ; (6) round 
the edges of natural tanks and depressions where water lodges during the 
rains, tlie iseeds being washed up out of the reach of Aoods and stranded ; 
(7) on the sites of old charcoal kilns ; seedlings often appear on these owing 
to the good drainage afforded ; (8) occasionally in the form of epiphytes in 
forks of or hollows in trees ; (9) in clefts in rocks ; a seedling 1-J- ft. high and 
probably a few years old was found growing tightly wedged in a crack in 
a large sandstone boulder where there was no soil. 
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As regarcls light requirements, the young seedlings probably beneht frorn 
shade, provided this does not take the form of low weed-growth, sinee they 
are undoubtedly sensitive to drought. That they establish themselves well 
under moderate shade is eertain from the fact that they may be found coming 
up in sal forest : numerous seedlings were observed thriving on bare alluvial 
ground under a well-thinned sissoo plantation in the Gorakhpur district, 
United Provinces, while in the same district seedlings, probably two or three 
years old, were found in pienty on bare ground under a light cover of Ylcmingia 
Chappar. That the aclmission of light greatly stimulates the establishment 
of natiiral. reproduction is clear from the fact that in various parts of the sal 
forests of Oudh, where the canopy has been heavily opened out owiug to the 
death of large numbers of trees cluring the abnormal drought of 1907 and 
1908, Adina saplings have appeared in cpiantity because of the aclmission of 
light ; no doubt many of these plants were present beiore the canopy was 
openecl, but tlieir growth sinco then. has been greatly stimulated. A dense 
sal crop in the Gonda district was experimentally opened out in January 1911 
in the form of a regeneration felling for the sal ; the plot was inspected two 
years later, and found to contain numerous young Adina seedlings which had 
made their appearan.ee owing to the admission of light. 

Protection from grazing is essential for the successful establishment of 
natural production, owing to the readiness with which animals browse down 
tho yonng plants. 

Aj^lmpioial ltEPBouuOTiOJs'. As far as is known success l.ias never been 
attained by means of direct sow.ings. ]5xjjeriments at Deln'a Dun, l>y whieh 
seed was sown broadcast on hoed groutid, as well as on ridges ancl in trenches, 
J'ailed entirely, any seecl whioh dicl germinate being Avashecl away before th.e 
secclliugs could gain a tooting. I.n tlie United Provinces broadcast sowings 
on hoed grotmd have been tried from tiuie to time, but 1'aihire has always 
heen recordcd. 

lil^periments :it Dehra Dun have shown that seecllings ean bc grown 
successrully in well-raisecl beds of (iue s.itted soii with a coiisiderab.le proportion 
of sancl, or better still on powclei.'ed chareoal, but it is esseutial that the beds 
should be covered with screeus ralsed about a foot above them, in order to 
keep oH: lain and sun, ancl tliat watering sliould. be done with a very iine spray. 
iSeecl-bo.\es, however, Jiave proved. more suecesstul than seed-beds, ancl con- 
sidering bhe large nurnber of seed.lings obtainable from one box there is little 
cpiestion that raising in boxes is to be recommendecl in preierence to any other 
method. The tollowing procedure has given good results : 

The ,seecI : box is iillecl to within abont 1 in. from the top with iinely siftcd 
earth with a large proportion of sand, the surface is made smooth anc.l watered, 
and the seeds are sown about April or May on the wet surface auci vcvy lightly 
eovered with iine earth or saiicl. The box shouicl be kept under cover, and 
watering with a very iine spray should be done frequently but sparingly. 
Cermination orclinarily takes piace iu about three to six weeks. As soon as 
the seedlings are large enough to handle, that is, in about two to three months, 
they should be pricked out about 2 in. apart in boxes ; the more vigorous 
ones may even be prieked out about 4. in. apart in nursery-beds. The seedlings 
will be ready to plant out in the forest early the 1'ollowing rains. Transplantiug 
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is not unattended with risk owing to tlie liability of the seedlings to die of 
drought ; care is therefore necessary to keep a ball of eartii round the roots. 
Risk is further avoided by pricking out the plants into baskets or bamboo 
tubes instead of into boxes or nursery-beds, so tliat there is uo interference 
with the roots during transplanting. After transplanting it is advisable to 
keep the soil round the plants well loosened and free from wceds in order to 
stimulate vigorous growth and to prevent eakiug. of the ground. 

Ratb of growtii. The following results of girth measuroments iii high 
iorest sample plots are available : 

Adina cordifolia : girth increment in high forest sainple plots. 
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Coppice measurcments by Mr. G. M. McCrie in 1910 iu thc Gorakhpur 
district, United Provinces, showed an average height and girth of 18-7 ft. and 
6-9 in. respectively in seven years, as compared with an avorage height and 
girth of 10-2 ft. and 3-87 in. respectively for sal in the same coupe. 

Measurements of ooppice-shoots ou somewhat poor stouy ground in tJic 
Saitba block, Kolhan forost division, Chota Nagpur, gavc the f ollowing rcsults : 

Adina cordijolia : coppice measurements, Saitba block,. Kolhan. 
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3. STEPHEGYNE, Korth. 

Species 1. 8. parvifolia, Korth. ; 2. 8. divcrsifolia, Hook. f. 

1. StepkegyiU) paiwiiolia, Korth. Syn. Nauclea parvifolia,"Wil\.d. ; Miira- 
gyna parvifolia, Korth. Vcrn. Kaem, -phaldu, Hind. ; Kalamb, Mar. ; Kadawar, 
yetega,K&n. ; Chinna kadamlm, Tam. ; Batlaganapa, Tel. ; Tein, teinthe, Burm. 

A large deciduous tree with a full rouncled crown and a bole often short, 
iluted, and buttressed. Bark up to 0-S in. thick, grey, smooth, exfoliating in 
scales which ieave shallow depressions. Wood light pinkish brown, even 
grained, used for buildiug, furniture, agricultural implemonts, bobbins, combs, 
cups, spoons, and other carved and turned articles ; it is lcss in demand than 
that of Adina cordijolia. Under favourable conditions the tree reaohes large 
dimensions : Eig. 238 shows a trce on alluvial ground in the Siwalik hills 
27 ft. 6 in. in girth and 78 ft. high. 

'Distribtjtion and iiABiTAT. Throughout tho greater part of India and 
Burma, ascending to 4,000 ft. in the outer Himalaya ; also in Ceylon. Not 
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reported from north and east Bengal or Assam. Within its habitat the tree 
is scattered in deciduous forests, not as a rule in any great abundance. Like 
Adina cordijolia, with which it is often associated, it reaches its best develop- 
ment on well-drained ground with deep soil. It is, however, more tolerant 
of stiff badly-drained ground than Adina, and often grows more or less 
gregariously on low-lying ground witli clayey soil, for example on badly- 
drained savannah lands in Burma, and in many localities round the edges of 
tanks and swamps ; in the tarai and plains of the sub-Himalayan tract it 
occurs frequently in low-lying somewhat swampy ground along with Eugenia 
Jambolana. In such places, however, its development sufrers, and as a rule 
it remains stunted. In the Indian Peninsula it is often found on black cotton 
soil, and on alhwial ground near rivers. 

In its natural habitat the absolute maximum shade temperature varies 
from 100° to 118° F., the absolute minimum 1'rom 30° to 55° E., and the normal 
rainfall from 35 to 130 in. 

Leaf-shbdding, elowering, and ebuiting. The leaves are shed about 
Pebruary-March, and. the tree is leaness in April-May, the new leaves appearing 
about May (northern India). The fragrant globose white or pale yellow Aower- 
heads, 0-7-1 in. in diameter, appear from May to July, and the fruit-heads 
become full formed, but are still green and unripe, by October ; in northern 
India they do not ripen and shed their seeds until about April-May. Haines 
mentions that ripe seed has also been collected in November in Chota Nagpur. 
The fruit-heads (Eig. 239, a) are globose, 0-5-0-7 in. in diameter, with numeroua 
small two-valved many-seeded capsules. Sometimes tlie ripe iruit-heads fall 
before shedding the seeds, which may even be found germinating within the 
fallen fruit-heads (Eig. 239, 6). The seeds (Fig. 239, c) are miiiute, 0-1-0-15 in. 
long, pointed at either end, light brown, very light, as many as 10,000 weighing 
1 gramme, giving nearly -300,000 to the ounce avoirdupois. 

Geiimijstation (Pig. 239, d-f). Epigeous. The testa splits at one end and 
the minute radicle emerges, the hypocotyl elongates, arching slightly at iirst, 
and the testa, enelosing the cotyledons, is carried above ground, falling with 
thoir expansion. 

TlIE SIOGDLING (Pig. 239). 

Jioots : ju-imary root in rirst season very fine, white and delicate, with 
a densc mass of woolly hairs in the upper part which soon disappears ; in 
second season much thickened, terete, tapei-ing : lateral roots rnoderate in 
numbei' and lengtli, nbrous, distributed down main root. Hypocotyl distinct 
from root, 0-1-0-15 in. long, very line and delicate, white turning green. 
Ootyledons very shortly petiolate, up to 0-1 in. long, ovatc, acute or rouuded, 
base rounded, truncate or sub-cordate, entire, foliaceous, glabrous. Stem 
ercct, delicate at iirst, becoming woody later ; iuternodes in nrst season very 
short, in second season up to 1 in. long. Leaves simple, opposite decussato. 
Leaves of first season usually only two pairs, sub-sessile or vcry shortly petiolate, 
0-1-0-5 in. by 0-08-0-4 in., ovate, acute or rounded, base obtuse or acutc, 
entire, otten reddiah. 

Like those of Adina cordifoUa, which they strongly resemble, the secdlings 
for some little time after germinating are extremely minute and delicate, and 
are very liable to be beaten down or washed away by rain. During the hrst 
season their growth is very slow, a height of barely \ in. being ordinarily 
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attained by the encl of the season, and usually about two pairs of i oliage leaves 
being produced. 

Silvicultural GHARAOTERS. In eaiiy youth tlie tree stands a eertain 
amount of shade, seedlings and saplings being often found under cover, but 
later it is a light-demander : as in the case of Adina cordifolia, saplings are 
sensitive to the rubbing of their leading shoots by overhead trees. As already 
mentioned, the tree is capable of growing on badly-drained ground, but its 
growth euffers in such places. It is fairly hardy against drought, having 
suffered only to a slight extent in the abnormal droughts of 1907 and 1908 
in Oudh, and 1899 and 1900 in the Indian Peninsula. The tree coppices well 
up to a moderate size. In some localities bison are apt to damage poles of 
this species by stripping the bark off them. 

Natural reproduotion. So far as the natural reproduction of this tree 
has been studied, the conditions innuencing it appear to be very similar to 
if not identical with those affecting the reproduction of Adina cordifolia. As 
in the case of the latter species, the minute seeds are scattered in the hot 
season, some remaining in the fruit-heads and germinating in them aiter they 
fall to the ground, and reproduction springs up in plaoes similar to those in 
which Adina cordifolia reproduction appears, seedlings of the two species being 
often found together. The survival of reproduction on badly-drained ground 
is, however, more marked than in the case of Adina. Natural reproduction 
sometimes comes up fairly freely on abandoned oultivation. 

Artifigial reproduction. According to experiments carried out at 
Dehra Dun, the most satisfactory method of raising this tree artincially is in 
boxes, the procedure followed being exactly the same as that doscribed for 
Adina cordifolia (p. 620). 

Rate oe growth. The following results are available of high 1'orest 
sample plot measurements in the Singhbhum forest division, Chota Nagpur : 

Stephegyne parvifolia : girth incremonts in high forest sample plots, 

Singhbhum. 
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Stephegyne parmfolia : coppioe measurements, Gorakiipur, 

Mean girth. Mean height. 

Age. Stephejijne. ttal. Stephegyne.. SaJ. 

years. in. in. ft. Ft. 

2 — — ■ 4-5 3'0 

4 2-2 2-0 9-0 7-0 

6 3-3 2-9 12-0 10-3 

8 4-2 3-8 14-0 13-0 

10 5-0 4-8 16-0 15-3 

12 5-8 5-8 18-0 17-5 

2. Stephegyne diversiiolia, Hook. f. Syn. Nauclea rotundifolia, Roxb. 
Vem. Binga, Burm. ; Hnawthein, U. Burm. 

A moderate-sized to large deciduous tree with large nearly orbicular 
leaves, found in Burma, the Andamans, and Chittagong ; also in Java and 
the Philippines. The tree is a very oommon one in the mixed deciduons 
forests of Burma, both of the upper and of the lower type. In the lower 
mixed 1'orests on llat alluvial land it is oiten found in great abundance. Thns 
in the Thindawyo reserve in the Tharrawaddy district enumerations showed 
it to "be the commonest species in the forest, an average of 118 treea 3 ft. in 
girtli and over being counted per 100 acres. 1 The seeds are minuto, liko 
those of S. parvifolia and Adina cordifolia, and a further study of the tree 
will no doubt reveal points of similarity to those two species in matters relating 
to reproduction. Natural reproduction is often abundant on alluvial ground 
along rivers and streams. The Burma Eorest Report for 1914-15 mentionw 
that natural seedhngs appeared Ireely in the Yetkanzin reseiwe, Toungoo, 
in an area where bamboos had tlowered and wliich liad been iire-protected. 
for many years and burnt when the bamboos Aowered ; the reproduction 
was the result of the burning, which would indicate that clear ground, as 
in the case of S. parvifolia and Adina cordifolia, is a favourable factor. It 
often comes up in abundance on abandoned cultivation. Mr. A. Rodger - 
in 1916 enumerated a dense pole crop on an old taungya cultivated about 
seventeen years previously in the Prome district of Burma. The enumeration 
showed .1,150 stems per acre, of which 72 per eent. consisted of Stephegyne 
diversifolia. 

4. NAUCLEA, Linn. 

Naucloa scssiliiolia, Roxb. Syn. Adina sessilifoUa, Hook. f. Vern. Tcin 
kala, Burm. 

A large deciduous tree of Cachar, Chittagong, and Burma, occurrhig in 
mixed deciduous forests. In Burma it is j>articularly common in some of the 
lower mixed lorests on nat alluvial grouud. Enumerations in the Tlhndawyo 
reserve of the Tharrawaddy district showed that after Stephegyne diversifolia 
it waa more plentiful than any other species enumerated, showing an average 
of 98 trees 3 ft. in girth and over per 100 acrea. 1 On nat alluvial ground by 
rivers and streams natural reproduotion olten springs up in great quantity, 

1 Working Plan for tha Satpok, Sitkwin, and Thindawyo Resorves, Thami.waddy, Burma, 
1906. 

2 Ind. ITorestor, xlii (1916), p. 499. 
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iorming dense pure patohes. The seecls are minute like those of Adina eordi- 
folia and Stephegyne dvuersifolia, and a further study of this tree will probably 
reveal points of resemblanee to those species, particularly as regards reprodue- 
tion. The wood is used for planking and building. 

5. HYMENODICTYON, Wall. 

liymeiiodictyon exeelsum., Wall. Syn. H. tliyrsifiorum, Wall. ; H. uiile, 
Wight ; Cinchona excelsa, Roxb. Vern. Kuhurhat, bhaulan, bauranga, Hind. ; 
Bhorsal, Mar. ; Pottaha, Tel. ; Kusan, Burm. 

A large deoiduous tree, usually with a straight cylindrical bole and a 
rounded crown. Bark greyish brown, thick, soft, corky and furrowed on 
stems of older trees, smooth on poles and branches. Wood white when fresh, 
turning darker, soft, light, used for planking, boxes, scabbards, toys, &c. ; 
has been reported as excellent for match manufacture. In northern India, 
however, the trees have often been noticed to be riddled with large burrows, 
probably those of a loiigicorn bcctle, aiid tlie quality of the wood suUers in 
consequence. 

Distribtjtion and habitat. Scattered throughout the greater part of 
India and Burma in dry mixed deciduous forests. The tree is particularly 
common on loose dry deposits of boulders and debris along the base of the 
outer hills in the sub-Himalayan traet. It is one of the characteristic trees 
of the bhabar tract of the United Provinoes, a deep boulder formation on 
gently sloping ground where the subsoil water-level is at a great depth ; here 
among its commoner companions ai*e Hohptelea integrijolia, Lagerstroemia 
parvifolia, Acacia Catechu, Bombax malabaricum, Terminalia belerica, Adina 
cordifolia, Anogeissus lalifolia, Cassia Kislula, and Odina Wodier. It is also 
frequently met with on sandy or stony soils on alluvial ground near rivers, 
and in savaiinah lands. It is not infrequent in the sal forests of northern 
India. 

In its natural habitat the absolute maximum shade temperature varies 
from 98° to 118° I 1 ., the absolute minimum from 30° to 60° E., and the normal 
raintall from 35 to 90 in. 

Leai?-siiedding, e"LOWbring, and imriTiNG. The large broadly elliptical 
long-stalked leaves turn a rich yellow and fall in November-December at 
a time when few other trecs are shedding their leaves. The new leaves do 
not appear until about May, and throughout the intervening months the 
leafless trees are coiisiiicuous with their candelabra-like fruit-panicles sub- 
tended by pairs of dry leafy reddisli brown bracts. The small white fragranb 
nowers, in iarge terminal panicles, appear from June to August. The capsules 
are conspicuous from November-December onwards, but do not open and shed 
their seeds until April-May : they are two-valved, ellipsoidal, 0'5-0-7 in. long, 
and contain many seeds. 

The seeds (Eig. 240, a) are ilat, winged all round the margin, 0-3 by 0-1 in. 
including the wing ; they are very light, about 4,800 weighing 1 oz., and are 
disseminated to a distance by the hot weather winds. Tests carried out at 
Dehra Dun showed that the iertility oi fresh seed is high, but that the seed 
loses its vitality within a year. 

2307.2 XJ 
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Ita. 240. Ilymenodictyon excelsum. Soedling x J. 
<t, sp.ed; 5-p, germination stages ; /, g, developmeiit of seedling during first season; li,, Reedling towards end ol 

seconcl aeason (long thiek taproot nat shown). 
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Germination (Eig. 240, b-e). Epigeous. On the emergence of the radicle 
tlie hypocotyl elongates, carrying above ground the cotyledons enclosed in 
the testa. On the expansion of the cotyledons the testa usually remains for 
a time on the end of one of them, ultimately dropping to the ground. 

The seedling (Pig. 240). 

Roots : primary root long, thickening early and becoming very tliick in 
aecond season, terete, tapering : lateral roots few to numerous, iibrous. Hypo- 
cotyl distinct from root, 0-3-0-5 in. long, cylindrical, gi'een, minutely pubescent. 
Gotyledons : petiole up to 0-1 in. long, Aattened above : lamina 0-35-0-5 in. 
by 0-25-0-3 in., foliaceous, ovate, emarginate, entire, glabrous, usually per- 
sisting till end of lirst season. Stem erect, minutely pubeseent, in nrst season 
short, with internodes 0-1-0-2 in. long; in second season tkick, woody, with 
internodes 0-4-1 in. long. Leaws simple, opposite decussate : stipules (ftrst 
season) less than 0-1 in. long, triangular, pubescent : petiole (first season) 
0-1 in. long, pubescent, midrib running prominently down upper side : lamina 
(first season) 0-8-1-8 in. by 0-6-1 in., sub-rhomboidal or ovate, acute, base 
tapering, entire, pubescent, venation arcuate, lateral veins 4-6 pairs, midrib 
often red. 

The seedling develops very slowly above ground during the lirst season, 
and under natural conclitions also during the second or third seasons, atter 
which, if the plant survives, the growth is more rapid. As a rule a height 
of not more than 1 or 2 in. is attained during the nrst season, with not more 
than three to five pairs of leaves. The undergrouncl development, however, is 
consideral)le, a long stout taproot being quickly formed ; this may be as much 
as 1 ft. G in. long by the end of the tirst season. This underground develop- 
ment, which is common among seedlings of trees characteristic of dry types 
of forest, is evidently an adaptation for the establishment of the plant before 
any marked growth in the stem begins. 

The seeclling is very sensitive to frost, espeeially during the first year or 
two while the plants are small ; in localities subject to frost many seedlings 
are killed outright, while some may shoot up again from the base. Weeds 
impede tlie development of seedlings considerably, suppressing and kiliing 
them if heavy. Tlie seedhng is decidedly light-demancling. G-rowth ceases 
from November to May ; the leaves turn yellow or reddish aiid drop in 
November-December, the plants being leaness from January to May, when 
the new leaves appear (northern India). 

The following measurements in experimental plots at Dehra, Dun give 
some indication of the rate of growth of young plants : 

Hymenodidyon excelsum : development of seedlings, Debra Dun. 
Oondition undor which Height at end of season. 

grown. j a (j season. 2nd season. 3rd senson. 4th anaaon. 

(1) Natural conditions Maximmji ft. 1 in. 

(2) Nursery, woeded and 

watered ,, ft. 1 Jin. Maximum 1 ft. 3 in. 

( !1 ) Broadcaat sowing, irri- 

gated, unweeded „ ft. 2 in. „ ft. 3 in. 1 Killed by weeds in . . 

3rd season 
(i) Broadcastsowing, un- 

irrigated, unweeded , ,, ft. l£in. „ ft. IJin. 1 Ditto ., 

(R) Broadoast Sowing, un- 

irrigated, weedod ,, ft. 2 in. „ 0ft. 4-in. 1 10 in.-2 ft. 4 in. Maiitnum 5 ft. Oin. 

1 New shoots frora base ; seedlings killed back by frost in previoua winter. 

IT2 



628 XXXIII. RUBIACEAE 

Silvicultural characters. Except that the tree is known to be a strong 
light-demander its silvicultural charaoters have not been studied in detail. 

Natural reproduction. Germination takes place during the rainy 
season. Bare ground is favourable to germination and subsequent survival, 
young seecllings being killed off in quantity where weeds are present. The 
small seedlings are liable to be washed away by lieavy rain during and after 
germination, the seecl is liable to destruction by insects, while the slow dcvekn> 
ment of thc seedling and its sensitiveness to weeds, frost, and shade are all. 
contributory factors towards failure of natural reproductiou, which explains 
to some extent its comparative scarcity in many localities. 

ARTnriciAL REPRODUCTroisr. The artiricial propagation of this tree is not 
easy. Direct sowings are not very suitable owing to the Iiability of the seed 
to be washed away and to the slow development of the seedling. Seed should 
be sown in the nursery iu April and May in porous sandy loam, and lightly 
covered ; the seedlings begin to appear in about eight to ten days. The beds 
req_uire protection from heavy rain. The sccdlings shcmld be prieked oub 
when about two or three months old and protected from frost in the 
winter. The more vigorous plants will be ready to plant oub during tho 
following rainy seasou, but the smaller ones should be kept another year iu 
the nursery. Care is nceessary to retain earth round the roots during trans- 
planting, which may possibly be found more successful with the aid of long 
baskets or bamboo tubes. 

Ratjg oi? orowth. There are no detailed measurements available, but 
a cross-seetion from the United Provineos in the sihdoultural museum at Dehra 
Dun had. 41 rings for a girth of 3 ft. 11 in., giving a moan annual girtli ineremcnt 
of 1-15 in., which is iairly fast. 

6. WENDLANDIA, Bartl. 

Wcnukunlia exserta, DC. Vern. Ghaulai, chila, Hiud. 

A small deciduous or evcrgrcen tree with greyish pubcsccnt foliage, louiid 
locally in the sub-Himalayan traot, outer Himalaya, Ohota Nagpur, and. parts 
of the Indian Peninsula. lt comes up gregariously on newly exposed ground, 
particularly on landslips aucl abandoned cultivation ; the minute seeds appcar 
to require such ground for successful germination. The tree i.s a useful one 
for reclothing bare hill slopcs ancl clearings. It is strongly liglit-demauding. 
The growth is fast : Gamble's specimens gave 4 to 5 rings per inoh of radius, 
or a mean annual gtrth increment of 1-26 to 1-57 in. 

7. GARDENIA, Linn. 

This genus eontains about eleven Indiaii species of small trees or shrubs, 
most of which are interesting as being common members of dry open types 
of forest on poor ground on which many species are unable to exist. The wood 
of these trees deserves to be better known as a substitute for boxwood, being 
hard, close grained, and compact. The most widely distributed species is 
(?. turgida, Roxb., described below. The species best knowu in the Indian 
Peninsula are 6?. lucida, Roxb., G. gummifera, Linn., ancl G. latijolia, Aitou. 
These are small trees or shrubs of xerophytic habit, growing on dry poor ground 
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often consisting of hard clay with quartz pebbles or calcareous nodules ; they 
exnde a clear fragrant yellow protective gum-resin which envelops the leaf- 
buds. The seeds of 0. latijolia sometimes germinate in crevices in boulders 
and in forks or hollows of trees, and the plants grow and persist in such places : 
one plant was noticed in the Singhbhum district growing out of the side of 
a hollow Bridelia retusa tree about 10 ft. from the ground, appearing at first 
sight as if it had been grafted ; the roots penetrated the inside oi the Briddia 
down to the ground. 

Tn Burma various species of Oardenia are characteristic of indaing (dry 
dipterocarp) forest on laterite, or of open dry scrub forests ; the better-known 
Burmese species are 0. turgida, Roxb., G. coronaria, Ham., G. erythroclada, 
Kurz, G. obtusijblia, Roxb., and G. sessiliflora, Wall. 

The gardenias are characterized by very fragrant tubular white tlowers 
which appear mainly in the hot season and turn yellowish before falling. The 
fruits are neshy, and those of some species at least are eaten by bircls and 
animals, the seeds being disseminated by their agency. Sometimes dense 
clusters of young seedlings may be fomicl on the ground, having sprung from 
seed which has germinated within the remains of fruits which have fallen 
from the tree. 

The gardenias are comparatively immune from damage by grazing, and 
in grazecl areas tencl to become dominant owing to the extent to which most 
other species are kept down. 

The rate of grp\yth is slow to moderate. Gamble's specimens showecl for 
G. eoronaria 14 rings per inch of radius, giving a mean aimual girth increment 
of 0'45 in., and for G. latifolia 8 rings per inch of ra.dius, giving a mean annual 
girth increment 0-78 in. A cross-section of G. laiijolia 1 ft. 0J in. in girth in 
the silvicultural museum at Dehra Dun had 28 rings, giving a mean annual 
girth increment of 0-44 in. A tree of the same species measurecl for a period 
of eight years in a saniple plot in the Balaghat clistrict, Central Provinces, 
showed a mean annual girth increment of 0-23 in. 

(Jardenia turgida, Eoxb. Vern. Thanela, Jcaramba, ghurgia, Hind. ; Ben- 
geri, Kan. ; Thaminsa-ni, Burm. 

A small deciduous tree with light grey or whitish smooth bark, rigid 
branches armed with sharp straight thorns, ancl leaves crowded at the ends 
of the branches. Wood hard, close grained, whitish. 

Dtstributiob" ahd hamtat. Throughout the greater part of India and 
Burma in dry open deciduous forests, ascencling the outer Himalaya to 4,000 ft. 
The tree is characteristic of poor dry stouy soil, clry rocky hill-sides, laterite, 
lcanlcar, and also of stiff clayc^y soil. In Burma it is common in open indaing 
forests on laterite, in the open scrub forests of the dry zone, ancl in the dry 
deciduous forests of the Shan liills and elsewhere. 

Lioap-siibijding, plowerincj, anb pbtjitiktg- . The old leaves are shed 
about March, the new foliage appearing about May. The white dimorphic 
Aowers, the females larger than the males, appear chieny in March-April, 
when the trees are leatless or nearly so, and the fruits ripen and fall during 
tlie hot season a year later. The fruits are sub-giobose, L5-3 in. in diameter, 
greyish green, with a tliick rather hard pericarp aud a woocly endocarp, con- 
taining numerous angular seeds (Mg. 241, a) embe.dded in pulp. The germina- 
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tive power of the seed is fairly high : tests carried out at Dchra Dun gavc 
a fertility of 77 pcr cent. 

Gebmination (Fig. 241, b-g), Epigeous. The radiclc emerges from one 
end. of the Beed ; tho hypocotyl elongates by arching, and in straightening 
raises above ground the cotyledons enclosed in the testa, whioh falls to the 
ground on their expansion. 

The seedling (Eig. 241). ' 

Roots : primary root moderately long, at iirst thin, afterwards thickeuing, 
terete, tapering : lateral roots few to moderate in number, librous, distributed 
down main root. Tlypocotyl distinet from root, O'6-I in. long, terete, tapcring 
upwards, white turning green, minutely pubescent. Cotyledons : petiole less 
than 0-1 in. long, ilattened above, minutely pubescent : lamina 0-8-0-9 in. 
by O-5-0-6 in., tbliaeeous, ovate, acute, entire, grceii, glossy and glabrous 
above, glaucous and glabrescent or minutely pubescent beneath, margins 
wometimes rringed with fine hairs, venation arcuate. 8tem erect, slightly 
compressed, pubcscent, in first season short, with internodes up to 0-3 iu. 
long. Lmves simple, opposite, sub-sessile or with short petioles bordored. by 
the decurrent leaf-base : lamina up to 1 in. by 0-5 in., ovate, elliptical, obovate 
or oblanceolate, acute, base decurrent, entire, coriaceous, dark groen and 
glossy above, paler beneath, both surfaces sparsely pubescent, margin with 
a rringe of fine liairs. Usually not more tdian two pairs of foliage leavcs are 
produced in the hrst season. 

Thc growth of the seedling cl.uring the first season is vory slow, a hcight 
of only l-2-|- in. being attahied . In the second season it is more rapid : nursery- 
raised seedlings at Dehra Dun attained a hoight of 1| to 4|- ft. by the ond of 
the second season, but under natural conditions, which arc more unfavourabIc, 
the growth is probably much slower. The seodlings aro decidedly frost-hardy. 

Silvioultithal ohabactkrs. Tho tree is decidediy hardy as regards both 
1'rost and drought. On low-lying grassy lancl subject to sevcre frosts it is 
often one of the few species capable of existing. In the abnormal drought of 
1907 and 1908 in the forests of Oudh it escaped injury when many other 
species were killed ofT in cpiantity. It is not readily browsed, even by goats. 

Nattteal BEPiionTJCTiOjM. TJie Jiuits are eaten by birds and animals, and 
the seeds are scattered by their agency. Those which are not eaten lie on the 
giound, turiiing brown and drying up somcwhat in thc hot season, and becoming 
partially eaten by white ants, or gradually rotting in the rainy season ; iu 
this case most if not all of the seeds lie ungerminated until the second raiuy 
scason, whcii gcrmination takes plaee. 

Abtiit.cial BioniioDOCTiON. Thero is little difficulty in raising this spoeies 
in the nursery aud transpJanting it. The seed shouid be sown about March 
or April : germination is rather slow, the seedlings usually appearing about 
six wecks to two months or more after sowing. The seedlings should be 
pricked out duriug the lirst rainy season and transplanted early in the sccond 
rains. 

Ratb of GKOWTii. The growth is siow to moderate. A cross-section 
from the United Provinces in the silvicultural museum at Dehra Dun showed 
37 rings for a girth of 2 ft. 1|- in., giving a meaii annual girth increment of 
0-7 in. Gamble's specimens averaged .1.3 rings per inch of radius, giviug a meau 
aiuraal girth increment of 0-48 in. 
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Fio. 24 J.. Gardcnia turgida. Soedling }. 
a, naed ; b-g, germination stages ; h, i, developmenfc of aoudling to ond of firat aoason. 
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8. RANDIA, Linn. 

This genus contains about fifteen Indian species of shrubs or small trees, 
some armed and others unarmed, some evergreen and others tleciduous. Most 
of them have hard whitish close-grained woods suitable as substitutes for 
boxwood. The two species most eommonly met with are R. uliginosa, DC, 
and R. dmnetorum, Lam. A third, R. maldbarica, Lam., is a thorny evergreen 
shrub common in the clry scrub forests in parts of the Indian Peninsula, often 
on laterite. k 

The better-known species of Randia, unlike thc gardenias, appear to be 
very subject to browsing, especially by goats ; this is certainly the case with 
R. dumeiorum, R. malabarica, and R. tetrasperma, Roxb., a Himalayan species 
which is browsed down to a dense compact bush. 

Species 1. R. uliginosa, DC. ; 2. R. dumetorum, Lam. 

1. Randia uliginosa, DG. Syn. Oardenia uliginosa, Retz. Vern. Pindara, 
Hind. ; Hmanbyu, Burm. 

A small deciduous rigid armed tree with reddish brown bark and quad- 
rangular brauches, eommon throughout the greater part of India and Burma, 
particularly on low-lying swampy ground and savannah lands ; also on black 
cotton soil in the Indian Peninsula. It produces root-suckers ireely, and is 
hardy against frost and drought ; in the abnormal drought of 1.907 and 1908 
in the forests of Oudh it escaped untouched. The tree is leatless as a rule from 
Pebruary to April. The iruit, which ripens about February-March (northern 
India), ia an ellipsoidal berry, 2-2-5 in. long, yeliow when tlioroughly ripc, with 
aboiit twelve seeds embedded in a sornewhat soft pulp (the swollon placentas) 
in two cells within a somewhat leathery pericarp. The seeds are darlt brown, 
hard, shining, obscurely angular, 0-15-2 in. long. The growth of the young 
seedling is very slow. At Dehra Dun a height of less than 1 in. was attained 
by the end of the first season ; by the end of tlie third seasou, however, plants 
attained a height of 7 ft. The rate of growth is moderate. A cross-section in 
the silvicultural museum at Dehra Dun showed SG rings for a girth of 2 :ft. 
7| in., giving a mean annual girth increment of 0-56 in. Gamble's specimens 
gave fi to 7 rings per inch of radius, representing a mean annual girth incrcment 
of 0-9 to 1-05 in. 

2. Mandia dumotorum, Lam., including R. hngispina, DG, and R. nutans, 
D(l. Vern. Mainphal, Hind. ; Sethanbaya, tliaminsa, Burm. 

A large shrub or small tree armed with straight axillary thorns and leaves 
in fascicles along the branches, extremely common as an undergrowth species 
in the sal forests of the sub-Himalayan tract, and common also in many parts 
of the Indian Peninsula and Burma, where it extends into the dry zone. It 
is a drought-hardy species, ]iaving resisted well the abnormal drongJit of 1907 
and 1908 in the forests of Oudh. It is readily browsed by goats. It produces 
root-suckers. The fruit is a globose or ovoid berry, 1-1-5 in. long, yellow wlien 
ripe, containing a number of more or less angular seeds embedded in pulp ; 
the fruits ripen in the cold season. As regards rate of growth, a cross-section 
in the silvicultural museum at .Delu.'a Dun showed 26 rings for a girth of 
1 ft. 4 in., giving a mean annual girth increment of 0-62 in. Gamble's .specimens 
averagetl 7 rings per inch of radius, representing a mean annual girth increment 
of 0-9 in, 
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This order is not of great importance in Indian forestry, though two 
species, Rhododendron arboreum, Sm., and Pieris ovalifolia, D. Don., are familiar 
trees in the Himalaya and other hill regions, where they are useful in clothing 
hill-sides and acting as nurses to more valuable species. All tlie Indian species 
of this order, of which at least forty helong to the genus Ehododendron, are 
trees or shmbs of the hills, many ascending to high elevations. 

Genera 1. Rhododendron, Linn. ; 2. Pieris, D. Don. 

1. RHODODENDRON, Linn. 

Illiododendron arboremn, Sm. Vern. Chahan, Haz. ; Chiu, burdns, 
W. Him. ; Za\aini, Burm. 

A small evergreen tree, often with a somewhat crookecl or gnarled trunk. 
Bark soft, easily cut through with a pocket-knite, 0-5-1 in. thick, old bark 
grey, exfoliating in irregular longitudinal plates, exposing the smooth pinkish 
new bark beneath. The wood is of inferior cpiality, both as timber and as fueh 

Dtstbjbution ahb iiabitat. This is a common tree in the western 
Himalaya, occurring chicfly at 5,000-8,000 ft. in association with Quercus 
incana and Pieris ovalifolia, and at the lower elevations with Pinus longifolia, 
but ascending to 11,000 ft. or even higher. It is somewhat rare in Hazara, 
being commonest in the Siran Pinus longifolia forests at 4,000 ft. and upwards 
in moist ravines. It extends to the eastern Himalaya, where, however, it is 
less common ; it is also found in the Khasi hills and the hills of Burma, 
southern India, and Ceylon. 

Plowt5BJ.ng and urihting. The large showy crimson, sometimes pink, 
Aowers in dense corymbs appear usually from March to May, but in certain 
years oidy partial nowering takes place then, ancl a second Aowering takes 
place in June or July ; thie happened iu the Simla hills in 1.910, following 
an exceptionally dry winter ancl spring, and the llowers of the second bloom 
were paler in colour than usual. Similar late ilowering is also said to take 
place if the first bloom is checked by hail or other injury. Occasionally trees 
may be seen in Aower in January-Pebruary. The fertilization of the Aowers 
is carried out partly by insects. Mr. G. B. F. Muir notes an interesting case 
observed in Tehri Garwhal of Inclian martens (Martes flavigida) visiting one 
cluster of howers after another ancl thrusting their noses into the rlowers to 
lick up the nectar ; fertilization is thus carried out by their agency, and 
j)ossibly birds may also be agents in cross-fertilization . 

The capsules (Fig. 242, a) are 0-8-1 -1 in. long by 0-3-0-4 in. in diameter, 
oblong, curved, greenish brown when ripening, then turning brown. They 
contain a large number of rninute dark brown compressed oblong seeds about 
0-05 in. long, with a timbriate tuft at either end (Fig. 242, b). The capsules 
open and shed their seeds chieny from January to March (western Himalaya). 
The open capsules as a rule remain many months on the tree. 

Germination (Eig. 242, c-e). Epigeous. The radicle emerges from one 
end of the seed and clescends. The hypocotyl elongates, arching slightly, and 
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the testa i.s carried above ground over tho cotyledonts, lalling to the ground 
with their expansion. 

TlIB SEEDMNG (Eig. 242). 

Boots : primary root terete, tapering, short and delicate for about two 
years, subsequently long and wiry : lateral roots at first few, ahort, af.ter- 
wards numerous, moderately long, fibrous, distributed down main root. 
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¥w . 242 . lihododendron arboreum. jSeedling. 
n, eiipsule } ; b, wecd x 5 ; c-c, germination sLagcs x 5 ; ,/, HeoclHng towards end ot iirat. tieatiou X 5 ; 
(/, seeclliug in third senson J ; k, seedling hifourth season }. 

Ilypocolyl distinct from root, up to 0-1 in. long, terete, cylindricaJ or tapering 
slightly upwards, greeu, glabrous. Gotyledons up to 0-06 in. by 0-04 in., 
Miaceous, slightly fleshy, sub-sessile, elliptical or almost orbicular, acute, 
obtuse or rounded, minutely and somewhat widely serrulate, often turning 
rcd in the autumn. Stam erect, very short during nrst two years, elongating 
slowly during the next rew years. Leaws simple, alternate, in iirst aeason 
shortly petiolate, up to 0-12 in. by 0-1 in., broadly ovate or orbicular, mucro- 
nate, entire, upper surfaoe and margins covered with stirl glandular hairs, 
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leaves sometinies turning dark red in autumu : leaves gradually increase in 
size from second season onwards, becoming elliptical, coriaceous, entire, the 
upper surface and margins still eovered with stiff glandular hairs, at any rate 
on young leaves, for the nrst three or four years. 

During the rirst season the seedling is minute, reaehing a height of 
soarcely 0-1 in., witli 2 or 3 foliage leaves hesides the cotyledons. For the 
tirst few years the growth is very slow. The seedling is very sensitive to 
drought, and survives in moist well-drained places, such as damp shady banks, 
cnttings, and rocks. 

Silvicultural characters. The tree stands a fair amount of shade, 
but develops best in the open. It will grow on rocky ground provided there 
is sufficient soil moisture, but thrives best on moist loam. It coppices well. 

ISTatural kbproduction. Natural reproduction springs up readily on 
newly exposed ground such as road-cuttings and landslips and in the crevices 
of bare rocks. In such places seedlings of various ages may oiten be found in 
large quantities provided the soil is moist ; natural reproduction does not 
appear in dry places, as the seedlings perish quickly from drought. 

Aetieicial eepeoduction. Seedlings may be raised artihcially by sowing 
seed in March or April in boxes or jiots rilled with nne sand or powdered 
brick pi'eviously soaked with water ; the seeds should not be covered. The 
boxes or pots should be sholtered from rain and sun and watered regularly, 
Tho seedlings may be pricked out, if large enough, in the second season, and 
kept in the nursery uutil suhiciently largo to plant out. 

A more satisiactory method of planting is to dig up seedUngs from the 
banks and cuttings on which they spriug up naturally and transfer them to 
the nursery, keeping them there until large euough to plant out. 

Rate oe growth. The annual rings are not always distinct, but where 
visible they show a slow rate of growth. Brandis gives 14 rings per ineh 
of radius, while Gamble's specimens varied from 12 rings in the western 
Himalaya and the Nilgiris to as niany as 36 in Sikkim, representing a mean 
annual girth increment varying from 0-17 to 0-52 in. 

Coppice growth, though usually 1'aster for a time than that of Quercus 
inoana, is slow. Measurements made in 1911 in a coppice coujpe six years old 
at Bhowali near Naini Tal (elevation 5,600 ft.) showed an average of 5 shoots 
]>er stool and a mean height of 4 ft. 4 in. 

2. PIERIS, D. Don. 

Picris ovaliMi;i, D. Dou. Syn. Andromeda ovdlifolia, Wall. Vern. Ayar, 
Hind. ; Ailan, Pb. 

A small deciduous tree. Bark brown, thick, ribrous, exfoliating iu long 
narrow strips. deeply furrowed longitudinally, the furrows often proceeding 
spirahy up the stern. This is a lamiliar tree in the western Himalaya at 
4,000-8,000 ft., chierly on grassy slopes in association with Quercus incana and 
Rhododendron arboreum, or at the lower elevations with Pinus longijolia. In 
Hazara it is rare except in the Piims longijolia forcsts of the Siran valley, 
where it is fairly common at 4,000 ft. and upwards. It is also found in the 
castern Himalaya, descending to 2,000 i't. in the Tista valley, the Khasi hills, 
and the hills of Burma. The wood is of little value either as timber or as fuel, 
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but the tree is uaeiul in covering hi.U slopes, and in the western Himalaya in 
acting as a nurse to the deodar. It is fire-resisting and is not browsed by 
cattle : the leaves are said to be poisonous to goats and camels. The racemes 
of heath-like white honey-seented Aowers appear i'rom April to June (western 
Himalaya), and the capsules, containing numerous minute seeds, begin to ripen 
about December, dehiscing from January to March. The tree coppiees well, 
the coppice growing faster than that of Quercus incana. Measurements in 
1911 in a coppice coupe six years old at Bhowali near Naini Tal showed an 
average of 8 shoots per stool and a mean height of 5 ft. 1 in., as compared 
with 4 ft. 3 in. for the oak. Gamble gives the rate of growth as 12 to 18 rings 
per inch of radius in the west, representing a mean annual girth increment 
of 0-35 to 0-52 in., and about 6 rings in the east, representing a meau annual - 
girth inerement of 1-05 in. 

OKDER XXXV. MYRSINACEAE 
AEGICERAS, Gaertn. 

Aegiceras majus, Gaertn. Syn. A. corniculaia, Blanco. Vern. Kulsi, 
Beng. ; Kanjala, Mar. ; Butalet, Burm. 

A large evergreen glabrous shrub or small tree with grey bark, common 
in the mangrove ibrests along tidal creeks, where it is frequently gregarious. 
It is one of the most widely distributed speci.es of this formation, ocourring 
at the mouth of tlie Indus, along bot.li sides of the Indian Peninsula, in the 
Sundarbans and along the ooasts of Ghittagong, Arakan, Burma, and the 
Andamans. Like the true mangroves this tree exhibits vivipary, tlie soed 
germinating witlrin the pericarp of the curved horn-shapecl fruit. The trce 
coppices well. The wood is used for small building material and for fuel. 

ORDER XXXVI. SAPOTACEAE 

An importanb orcler of 1'orest trees, some furnishing usefnl timbers, others 
edible Aowers and iruits and oil-seecls, others latex of commereial value. The 
two genera of most importance in Indian forestry are Bassia and Mimusops. 
The gutta-percha of commerce is lurnished by the latex of ccrtain species of 
Palaguium (syn. Dichopsis, Isonandra) and Payena, found in the Malay 
Peninsula and Arehipelago ; both these genera are represented in India, 
though none of thc Jndian species arc known to yield gutta-percJia of good 
cpiality. The two most important gutta-percha producing species in the 
Malayan region are Palagnium. GuUa, Burck., and P. oblongijolium, Burek. 

An interesting aceount of thc gutta-percha lorests of tlie Malay States 
is given in the Indiani Foresler, vol. xxxi (1905), p. 309, by Mr. A. M. Burn- 
Murdoch, wbo points out that gutta-percha is derived ahnost entirely from 
trees growing within C or 7 degrees of theEquator. Apart from tlie two species 
of Pulaguium already meutioned, gutta-percha of good cpiaJity is yielded by 
Payena laerii, wlrich species, however, is not abundant. An inierior latex 
is produced by Pal,aquium pustulaium,. Referring to P. Gutta, including 
P. oblongijolium, which is very similar and \n not always consiclered to be 
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specincally distinct, Mr. Burn-Murdoch notes that the tree is easily recognized 
by its leaves, wliich are coriaceous, oblong or obovate-oblong, about 2 in. long 
in mature plants but much longer in young plants, dark glossy green above 
and a beautiful coppery gold colour beneath. The trce occurs most frequently 
on the low hills and plains, often on steep hill-sides, up to 2,000 ft. and even- 
3,000 ft. above sea-level. During the latter half of last century the trees large 
enough to yield gutta-percha were practically exterminated ; from about 1898 
onwards steps were taken to eonserve ihe existing stock, which, however, was 
by that time found to consist of httle except immature trees. The tree is 
a pronounced shade-bearer and is able to maintain the struggle for existence 
successfully, if slowly, in the dense evergreen forests in which it grows. Its 
growth is slow. Natural seedlings are often plentiM, but in the overworked 
areas many of the young plants are found to be coppiee-shoots. 

At tho time Mr. Eum-Murdoch wrote regular plantations were found to 
be impossible in the Eederated Malay States for want of seed, and the method 
followed by the Porest Dcpartmcnt was to cut lines through the dcnse under- 
growth and to transplant into these lines young natural seedlings taken from 
outside the reserved forests or from congested clumps of reproduction within 
those forests. In addition improvement fellings are carried out to assist poles 
and saplings, and undergrowth is cleared once a year or at longer intervals, 
as may be found necessary, over natural seedlings or traiisplants : these 
measures have been found to produce very benehcial results. The chief 
damage to this tree is caused by the larva of a moth (Rhodoneura myrsusatis, 
Wlk. V ) which eats the young shoots and Ieaves ; the damage is more extensive 
in pure plantations than in the case of isolated plants under natural conditions. 

Genera 1. Mimusobs, Limi. ; 2. Bassta, Linu. 

1. MTMUSOPS, Linu. 

Species 1. M. Elengi, JAa.ii. ; 2. M. hexandra, Roxb. ; 3. M. Mttoralia, 
Kurz. 

1. Mimusops Elengi, Linu. Vern. Mulsdri, Hind. ; Bulcal, Beng. ; Oidi, 
Mar. ; Bukul, Kan. ; MaJiila, magadam, Tam. ; JSlengi, Mal. ; Kaya, Burm. 

A large evergreen tree with a dense crown of sliiny coriaceous leaves with 
undulate margins. Bark dark grey, scaly. Wood very hard, \vith dark red 
hcartwood, heavy, strong, and durable, used for building, rice-pounders, &c. 
The fruit is eaten and the seeds yield an oil uscd for cooking and lighting and 
in medicine. TJnder favourablc conditions the tree roaches Jarge dimensions, 
with a long cylindrical bole. 

Distbibution and habjtat. Tlie Indiaii Peiiinsula along tlie Westorn 
Ghats from Bombay southwards, ancl on the east from the Northcrn Circars 
southwards, the Aiidamans and Burma, in Martaban and Tenasserim ; also 
in Ceylon. The tree is fairly common in tlie moist overgreen lorests of the 
Western Ghats, where it attains large dimensions ; on the Eastern Ghats it is 
found in the dry evcrgreen forests, often on laterite, as a comparatively small 
tree. In the Andamans it is commou in the evergreeii and semi-deciduous forests 
with Dipterocarpas spp., Planclionia andamanica, Artocarpus Gliaplasha, A. 
Lakoocha, Mesua jerrea, Eopea odorata, Terminalia bialata, T. Oatappa, Lager- 
stroemia hypoleuca, and other species. In its natural habita.t the absolute 
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maximum shade temperature varies from 95° to 115° F., the absolute minimum 
from 50° to 62° F., and the normal rainfall from 30 to 150 in. or more. 

The tree is largely cultivated in India and Burma for ornament and for 
the sake of its fragrant nowers, which are used for making garlanda and for 
distilling into perfume. 

Plowbeing and B-ntriTiKG . The fragrant white star-shaped nowers appear 
from February to April, and the fruits ripen the ibllowing year from February 
to June or later. The fruit (Fig. 243, a) is an ovoid orange-yellow one-seeded 
berry, about 1 in. long. The seeds (Fig. 243, b) are elliptical or rhomboidal, 
compressed, 0-6-0-9 in. by 0-4-0-5 in., brown, smooth, shining, with a hard 
testa and a soft whitish albumen ; about 50-60 weigh 1 oz. The seeds clo not 
retain their vitality long. 

GrERMiNATiON (Fig. 243, c-g). Epigeous. The hard testa splits in two, 
exposing the albumen ; the radiole emerges, the hypocotyl elongates by 
arching, and in straightening carries the cotyledons above ground. When 
the cotyledons exj>and the testa, or half of it, and the albumen oiteu adhere 
for a time to one cotyledon before falling to the ground. 

The seisdlingj (Fig. 243). 

Roots : primary root long, terete, tapering, wiry, flexuose : lateral roots 
moderate in number, hbrous, distributed down main root. Eypocolyl distinct 
irom root, 1-2 in. long, terete, fusiform or tapering upwards, at first green 
and Ĕnely pubesoent, becoming brown and woody. Gotyledons sub-sessile, 
0-9-1-1 in. by 0-7-0-8 in., foliaceous, broadly ovate, entire, dark green, glabrous, 
coriaceous, persisting sometimes into the second season. Stem erect, terete 
ot slightly compressed, wiry, green, young parts pubescent, older parts glabrous ; 
internodes 0-4-1 in. long. Leaves simple, alternate. Stipules minute, subulate. 
Petiole 0-1-0-15 in. long, natteued above : lamina 1-7-2-3 in. by 0-5-0-8 in., 
elliptical lanceolate, acute or acuminate, entire : young leaves sparsely 
pubescent, soon becoming glabrous, coriaceous, shining. 

The growth of the seedling is slow, a maximum height of about 3 in. 
being ordinarily attainod by the end of the first season. The seedlings are 
very sensitive to frost, wliich, however, is unknown in their uatural habitat : 
they are capable of standing a considerable amount of shade. 

Silvioultural ohaeacteiis. The tree is a shade-bearer, retaining a full 
crown under fairly dense shade. Gainble says it appeara to reprocluce well 
in shade and to remain small until an opportunity offers for removal of the 
cover, when it grows up at once. .Tudging from cultivated trees the growth 
is slow. 

Aktieicial reprodiiction. The best method of propagating the tree is 
to sow the seeds singly in baskets and plant these out bodily when the seedlings 
are large enough, that is, usuahy two years after sowing, in the rainy season. 

2. Minmsops kexandra, Roxb. Syn. M. indica, A. DC. Vern. Khirni, 
Hind. ; Ranjana, raini, Mar. ; Pala, palai, Tam. ; Palu, Ciugh. 

A large handsome tree with a spreading crown and a straight massive 
bole ; the Ieaves are dark greyish green, shining, with an obtuse or emarginate 
apex, and are orowded at the ends of the branehlets. Bark rough, dark grey, 
erimson inside, and exuding drops of milky juice when cut. Wood red, very 
hard, heavy, tough, and durable, used for house-posts, turnery, oil-presses, 
and other purposes. The iruits are sweet and edible, and are largely colleoted 
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for food. Under unfavourable conditions, for example in very dry situations, 
the tree becomes stunted and even shrub-like. 

Distribution and habitat. In dry forests of the Deccan, Circars, Orissa, 
and the Carnatic, extending north to the sandstone of the Pachmarhi hills and 
west to Khandesh and Guzerat. In the Central Provinces Haines x says it ia 
common along sandy nalas in ISTorth and South Chanda, occurs in the Sirpnr 
range, Raipur, and does well also in lime soils, being common on marl in the 
Sattara forest. 

In the Indian Peninsula it is one of the principal trees of the dry ever- 
green forests of the Camatic and surrounding country, especially on sandstone 
and laterite. In its natural habitat in India the absolute maximum shade 
temperature varies from 104° to 115° F., the absolute minimum from 32° to 
58° F., and the normal rainfall from 25 to 60 in. 

It is often cultivated for ornament and for the sake of its fruit. 

In Ceylon the tree is of more importance than it is in India. Mr. A. F. 
Broun, 2 describing its occurrence and habit in that island, nientions that it 
is one of the most characteristic and important trees of the dry zone, occurring 
in the northern half and along the eastern and south-eastern Mnges of tlic 
island at low elevations in situations having a rainliall of not much over 50 in. 
It does not occur in the wet zone. In £avourable localities it attaina a height 
of 100 ft. with a bole of 40 to 50 ft., but usually not more than 30 ft., and 
a girtb up to 14 or 15 ft. The most favourabie soil is a deep sandy Ioam, but 
it is found on ahnost pure sand, on gravel, clayey loam, and soil overlying 
limestone. On the poor soils of the arid zone it degenerates into a small tree. 
Among its chief coznpanions in Ceylon are Diospyros Ebenum, D. ovalifolia, 
(Jhlorottylon Swietenia, Berrya Ammonilla, Alseodaphne mneca,rpifolia, and 
Nephelium Longana. 

Plowering and 3?innTXNG. The wlhte or pale yellow nowers appear 
from November to January and the fruits ripen from April to Jiily. The fruit 
is an ovoid or ellipsoidal berry, 0-5-0-6 iu. long, srnooth and red when ripe, 
containing one rcddish brown shining seed, rarely two seeds. Mr. Broun 
sta,tes that in Ceylon good seed-years, which are generally dry years, are very 
irregular. 

Sl"LVIOULTtrRAL OHARACTKRS AND NATURAL RBPllODUCTTON. Ml\ BrOUU 

makes the ibllowing interesting observations regarding this tree in Ceylon : 
' It is a curious fact that trees of the lower girth-classes are generahy com- 
paratively rare in high forasts, but are found more abundantly in old chenas 
(regrowth after temporary cultivation). Enumeration smwey hgures . . . 
indicate that the tree does not reproduce itself easily under a dense leaf- 
canopy. The very appearance of the tree with its large crown, which it spreads 
out above its companions, shows tliat it likes to have hght in large doses. 
It is therefore apparent that the seed felhngs require to be made heavy. 
I have noticed that fellings in palu forests are not generally followed by the 
appearance of a seedling crop of that species, although seed-bearers were 
adjoining the gaps made. This is probably partly due to the groat irregularity 
of the good seed-years, which are generally dry years, but I attribute it also 
to the ibhowing causes. The rainfall being slight, the seed exposed fco the 
1 Central Provincos List " Ind. ITorester, sxvi (1000), p. ,'}Gi). 
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scorching sun does not readily germinate, and if it does the tender seedlitig 
cannot stand the exposure, or it cannot 1'orce its roots through the tufts of 
dense urry grass which spriug up on exposed patehes. Moreover, the seed 
being edible and lying, as it does, in an exposed place, is soon carried away 
by animals ; it is also removed by villagers in large cruantities from the seed- 
bearers. 

' As nientioned above, palu saphngs are by 110 means uncommon inscrub 
lorests ; it follows that the young plant requiros some low shelter, and this 
is obtained in liigh iorest by sparing the undergrowth which protects the soil 
and spares the fruit. Perhaps the best method of carrying on seed fellings 
is to girdle the trees adjoining seed-bearcrs.' 

Rate oj? gbowth. In Ceylon Mr. Broun estimates from sample plot 
statistics, which he admits to be scanty and tentative } that a girth of 6 ft. is 
attained in about 130 years. Owing to the eompact ancl uniilorm nature of 
the wood the ineremental rings are indistinguishable. 

3. Mimusops littoralis, Kurz. Andaman bullet-wood. Vern. KatpaM, 
Burm. ; Mohwa (in the Andamans). 

A large evergreen tree with leaves crowdecl towards the ends of the thick 
branchlets. Bark thin, smooth, blackiah brown. Wood red, very hard, 
durable, used for bridge-construction and house-posts. .Common along the 
coasts of the Andamans, Coeos, and Nieobar islands ; also in upper Tenasserim 
(Kurz). In the Andamans this is a common tree in the mixed forests of tlie 
littoral fringe, in association with Galophyllum Inophyllum, Afzelia bijuga, 
Thespesia populnea, Terminalia Gaiappa, H&ritiera littoralis, Pongamia glabra, 
, and others. This type of forest occure on raised beaches on deposits of sea- 
sand. Mimusops litloralis sometimes predominatcs, especially where the sand 
deposit is deep, forming at times almost a purc fringe. It often forms a jiro- 
tectivc bolt against the force of the south-west monsoon, which it possesses 
good. power of withstanding. 

2. BASSIA, Linn. 

0f the five Indian species of Bassia the best known and most widely 
distributcd is B. latijolia, Boxb., while in southern India tJiis species is replaced. 
by B. longijolia, Linn., an important trce within its region. Both these trees 
are valuable on. account of thcir tlowcrs, the neshy corollas of which are eaten 
or distilled into spirit, and their seeds, which yield oil. B. butyracea, Roxb., 
the seeds of which yield a vegetable butter, is a species met with in the sub- 
Himalayan tract and outer hills. The oily seeds of the trees of this genus 
Iiave a high percentage of fertility when fresh, but lose thoir vitality if kej)t 
for any time. 

Species 1. B. latijblia. Roxb. ; 2. B. longijblia, Liuu. ; 3. Z>. butyracea, 
Roxb. 

1. Bassia lntilolia, Roxb., inclucling B. villosa, Wall. Vern. Mohwa, 
Hiiid. ; Ippi, Tel. ; Kat illipi, Tam. 

A large deciduous tree, usually with a short bole, spreading brauohes, and 
a large roimded crown. Bark grey, with vcrtical cracks. 

This is one of the most important forest trees of India, its importance 
being due mainly to the iieshy corolla» of its tlowers, which are eaten raw or 
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cooked, or are clried, ground, and mixed witli nour for making cakes, or are 
distilled into spirit. A thick white oil extracted from the seed is used by 
jungle tribes for cooking and burning, and is sold for the manidacture of 
margarine, soap, and glycerine. The wood is of good quality, but the tree is 
seldom felled, owing to the value of its howers and fruits. 

Distribution and habitat. Conunon in the deciduous forests of the 
Central Provinces, Bombay Presidency, northern parts of the Madras Presi- 
dency, Central India, Chota Nagpur, Orissa, and exteiiding north to the sub- 
Himalayan tract in Oudli, Kumaun, and westward, though not common, to 
the Ravi. Doubtiully indigenous in Upper Burma. Not found in the southern 
parts of the Indian Peninsula. Mueh planted on tlie plains of northern India 
and in the Peninsula. The treo is a characteristic one in mixed deciduous 
forests, usually of a somewhat dry type, often growiug on dry rocky or sandy 
soil, and thriving on the Deccan trap. It is common also in the drier types 
of sal forest in Chota Nagpur and the Central Provinoes. When forest land 
is cleared for cultivation the mohwa trees are carefully preseiwed, and may be 
found soattered over cultivatod lands long aftor tlie clearing has taken place 
(see Pig. 244). 

In its natural habitat the absolute maximuin shacle temperature varies 
from 106° to 118° F., tlie absolute minimum from 30° to 40° P., andthe normal 
rainfall from 30 to 75 in. 

LBAir-siiEDMNO, flowebing, AND fe,tjiting. The leaves fall graclually 
from Pebruary to April, and the new leaves appear about April or early May, 
with or shortly aiter the uowers. Fig. 244 shows a tree in March, partly bare 
of leaves. Tho new leaves are conspicuous from their eoppery red colour. 
The brown nower-buds appear at the ends of tho thick branclilets early in 
Pebruary, and the tlowers oi^en from the end of Pebruary to April. The 
corollas are 0-5-0-6 iu. long, cream-coloured, tleshy, and sweet, ancl fail soon 
after opening. They are collected in largo cpiantitios of£ the ground, usually 
in places swept bare under the trees ; they are also eagerly devoured by bears, 
deei\ and other animals. The fruit, which is ovoid, ueshy, greenish, 1-2 in. 
long, 1- to 4-seedcd, ripens irom June to August, and iialls at once to the 
ground. The seeds (Pig. 246, a) are 0-8-1 '3 in. long by 0-5-0-7 in. broad, 
slightly oompressecl, ellipsoidal, light brown, sinooth, shining, with a moderately 
hard testa ; about 200 weigh 1 Ib. on an average. 

Presh seed haa a high percentage of fertility, but the seed cmicldy loses 
its vitality if kcpt, and is much snbject to insect and fungus attacks. Speci- 
mens of a microlepiclopterous insect whose larvae were f ound in largenumbers 
destroying the insides of seeds have been uamed by Meyrick Stathmopoda 
basiplectra, sp. nov. Seeds attacked by fungi were examined by Dr. Butler, 
who detected two separate fungi, a Diplodia, probably parasitic, and a ScMzo~ 
phyllum, probably saprophytic after the seeds Iiad lost their vitality. Affected 
seeds become rough ancl blistered, the surlace often assuming a silvery colour, 
and the black pycnidia of the Diplodia appearing on the surface. The liability 
of the seed to attacks of inseets? and fungi is a matter of importance in so far 
as natural reproduction is concerned, |or, as will be seen later, seed whioli 
becomes buried soon af ter falling germinates -without being attacked. 

The mohwa crop is of great importance to the jungle population, and 
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good Aowering years are eagerly looked for\vard to. They do not ooonr overy 
year, but, as far as records go, one to two good crops raay be expeoted every 
tliree years. An otherwise promising crop is somotiraes destroyed by hail 
betore the Aowers are developed. Trees are said to commence bearing crops 
of tlowers and fruit when about ten years old. The yield of mohwa (corollas) 
per tree is saicl to be about a maimd (82| lb.) a year when flfteen years old, 
increasing to two maunds when in full bearing. 

Germination (Fig. 246, 6-/). Hypogeous. Germination eommences 
with the development of thick cotyledonary petioles, as in the caso of many 
oaks. These petioles, which are not visible in the seed, reach a length of 
0-6-1 in., and assist the radiele to make its way into the grouncl and tho 
plumule to extricate itself from between the Aeshy cotyledons, which are in 
close contact. The cotyledons remain undergroimd, the testa breaking open 
as they swell. 

The sbedling (Kg. 246). 

Boots : primary root long, thick, terete, tapering, light brown and delicato 
in early stages, soon becoming rough ancl woody : lateral roots at first few 
and short, atterwards longer and inore numerous, (ibrous, distributed down 
main root. Hypocotyl very short, subterranean, white turning green or reddish. 
Ootyledons : petiole 0-6-1 in. long, thick, Aeshy, Hattened, glabrons : lamina 
1. in. by 0-6 in., thiclc, tleshy, oblong, outer surface convex, inner flat or slightly 
eoncave. Stem, erect, terete, pubescent ; first internode 1-2 in., subsequent 
internodes 0-5-1 -3 in. long. Leaves simple, firat pair opposite or sub-opposite, 
subsecment leaves alternate, tirst few leaves sometimes sinall and scale-Iikc. 
Stipul.es 0-15 in. long, Ihiear. Petiole 0-1-0-2 in. long, channelled above. 
Lamina 1—1 in. by 0-7-1-5 in., elliptical, oblong or ovate, apex and base acute 
or more rarely obtuse, ontire, glabrous abovo, slightly pubcscent beneath, 
especially on the veins, yoimg leaves often coppery red. 

The growth of tho seedling is comparatively slow, and weeding and 
watering, though they stimulate development to some ertent, appear to have 
a less marked effect on it thau is the case with many other speei.es. The iollow- 
iug measurements of seedlings in experimental plots at Dehra T)un give some 
idea of the rate of growth imcler ditlerent conditions : 



Bassia latrjolia : rate of growtli of seedlings, Dehra Dun. 



Height nt ond of senaon. 
2nd seanon. Urd swiaon. -(tli scasou. 

Maximum § ft. in. 



Condition nndci' wliioh 

grown. l.st season. 

In nurnory (wcedcil iuiil Mnxim um ft. 5 in, 

wateral) 

mtural comlilions (liotj Miwiimmi £i, 4-iin. (1) Maximura I ft. 2 in. (1 ) Miwimum 2 lt. iu. 
weedcil or Wiitored mhill ■ ),-,„,, ., • ,. .. J- ) M „ ■ , ,.. „. K ' 

i. ... ' (2) it. 3 m.-O it. 7 in. (2) M<%\iirniin 1 it, m. 

Sowirign.irrigatedandweedod ft. 1 \ in.-O ft. 5 in. 
Sowingn, imgiiited but not ft. lfin,-0 ft. 4-J-in. 

weedod 
Sowings, weederl but nol irri- ft. U in.-O ft. 6 in. .. ft. in.-l)ft. 10 in. Maxiiiiuni 

gated .'! ft. 6 in. 

Nursery-rnised transplnnts .. Maximuni 1 ft. 1 in. Miwiinuiii 1. ft. \ in. 

(plnnted ont in seeoiid ruins) 



Growtli ceases from November to Pebruary, the new leaves appoaring in 
March (Dehra Dun). Young plants are somewhat frost-teuder. 

Silvicltltural chabaotebs, The tree has a large spreading root-system, 
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many of the roots being superncial. It is capable of thriving on poor dry 
gronnd, where, however, it is apt to suffer, sometimes severely, in times of 
abnormal drought. It is ordinarily frost-hardy, but in the severe frost of 




Fig. 246. Bassia lati/olia. Seedling x |. 
a, seed ; b-f, gemiination atages ; (j, h, dovolopment of seediing duiing Hrat seaaou ; i, seedling 

carly in seeond season. 

1905 it sufEered to some extent in northern India. In its younger stages it 
is very liable to be browsed by deer and cattle. It is a strong light-demander, 
becoining readily suppressed under shade. It coppices fairiy well if cut in 
the dry season, but not in the rains. In some localities the tree suffers greatly 
from the attacks of Loranthus ; this is particularly the case in some parts of 
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the Central Provinces and Central India, where the trees are killed ofE in 
large mimbers by this parasito, which itself clies after killing its host. Speeial 
measures are urgently called for to deal with this pest and to prevent its f urther 
spread. Systematic and rejieated cutting of the parasite appears to be the 
only practical method of dealing with it ; mohwa lessees should be required 
to clo this, ancl orgaiiized etlorts should be instituted in the forest, in cultivated 
lands, and generally whorcver the Lorant/ms makes its appearance. 

Nattjeal reprod itction. The seecl germiuates eaiiy in the rainy season, 
soon after fallhig. For successrul germination it is important that it should 
become covered with earth or dĕbris, otherwise the seed is liablo to fungus 
attacks, while the radicle is apt to dry up or to become caten by hisects if 
esposed. Natural seedlings are thus found chiefly in slight hollows into which 
earth is washed at the commoncement of the rains. Their subsequent growth, 
which is cfomparatively slow, i,s favoured by the admission o£ abundant light. 

Aktifioial kispb.odttction. The tree may be propagated eithcr by direct 
sowing or by transplanting from the nursery. Eor 1'orest purposes clirect 
sowings in propared lines or patehes are preferable, as transplanting gives 
tLmible and is atteiided with much risk owing to the long and rather delieate 
taproot developed by the seedling. In either case fresh seed should be sown 
about July~August, and care should be taken to ccwer it with earth to a depth 
of about ha,]f an inch. 

Por bransplanting purposes it is prelerable either to sow the seed direct 
in long pots or baskets, or to transplant the seedlings from nurscry-beds into 
pots or baskets during the fh'st rainy season a few weeks aiter germinatiou . 
The plants may be put out iu the foi'est early in the second rainy season. 
While they are in the nursery watering should bc soniewhat sparingly earried 
out, and the soil should be kept loose. Plantations shoulcl be protectcd fL'om 
cattle aud deer. 

B-atjs oi' geowth. Fe\v reliable statistics are availabie regardiiig the rate 
<j'f growth of this iinportaut tree. TJie Mlowing measurements are recorded 
in liigh forest sample plots : 

Basnia lalifolia : girth incienient in liigh lorest sample plots. 

Numbor of Niiiiibur o£ Mean anuuiil 

JToroMl, yeui'8 undoi' tree.s uiidei' Glirtli girth incremcnt 

Proviiu;o. clwitiioii. Locality. liioasureinent. lnciiyuromont. u1;imhoh. ior pbriod. 

£t. in. 

Unitecl Uoiicla (Jliiuul iui) iu r 2 5 1 -J-:5 0-G'l. 

ProWnces iind SaJcrii. 

ContrsU Btdagliat Biiiliar and ) „ /1 1-2 0-70 

l>roviiu:es Kaimirh ( a 13 2-3 0-2.'S 



As regards coppico, measureinents made in 1911 in the Goiida district, 
Uiiited Provinces, iu two coupes cach two yoars old, showccl an average height 
of 4-7 and 10 ft. as compared with 7-6 a,nd 10 ft. for sal. Coppice-shoots 
one year old measurccl in Bhandara, Central Provinces, had an average height 
of 4-25 ft. as compared with 7-1 ft. for teak. Coppice measurements made in 
1910 by Mr. C. M. McCrie in Gorakhpur, United Provinces, gave tlic lollowing 
results for Bassia latifolia as compared with sal : 
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Bassia latifolia : coppice measurements, Gorakhpur. 







Mean hejght. 






Mean girth. 




Age. 


Bassia. 




Sfd. 


Bassia. 




Sal. 


Years. 


tt. 




ft. 


in. 




in. 


2 


7 




3 








4 


13 




7 


2-3 




2 


(i 


- 17-5 




10-3 


3-5 




2-9 


S 


20 




13 


4-5 




3-8 


10 


22 




15-3 


5-4 




4-8 


12 


23-0 




17-5 


0-3 




.■5-S 


U 


25 




19 : 2 


7-2 




6-7 


l(i 


26-7 




20-9 


8-0 




7-5 



2. Bassia longilolia, Linn. Vern. Ippi, Kan. ; Peclda ippa, Tel. ; Ilhtpei, 
Tam. ; JfBse, Burm. 

A large cvergi'een tree with a dense spreading erown and laneeolate leaves 
clustered at the ends of the brancblets. Bark yellowish grey to brown, red 
and milky inside. The wood is similar to tliat of B. latijoliu, : in Arakan it ia 
usecl for ships' J<eels and is said to be very durable, resisting the attacks of 
tlie teredo. Tlie Uowers and seerls are uscd in the same way as those of B. 
lcUifolia. Tt is an excellent aven.ue tree. 

Distribtjtion and HABiTAT. Tliis ti"ce replaces B. latifolia in southern 
India,. It is iiidigenous cliioSy in tho monsoon forests of the Western Ghats 
f]:om tho Kouka.n southwards, whcre it is common along thc banks of rivers 
and streams aud in ravines : it extends into the Deccan. It is also common 
in many parts of soutliern India, where it is irocpiently cultivated ap. an avenue 
troo and for the sake of ita ilowers and frmts. In Arakan it is said to be in- 
digenous in the Sandoway and Kyaukpyu districts : it is oceasionally planted 
eJsewherc in Burma. Althcmgh found wilcl most commonly in rather moist 
regions, it can be grown in comparatively dry localities. 

Eloweutnc! akd tptiuiting. The nowers, which have neshy corollas like 
tho.se of B. ]a/,ifoUa, appear in November-December in Bonibay (Talbot), 
from February to May in Travancore (Bdnrclillon). The rruits ripen about 
June. The seecls (Fig. 247, a) are 1 -2—1 -0 in. long by 0-5-0-7 in. in diameter, 
compressed, light brown, smooth, shining, with a fairly thick ancl hard testa ; 
abont 180-200 weigh 1 lb. The lertility of tresJi seecl is high, bnt the seeds clo 
not retai.n their vitality I.ong. 

Grhmination (Fig. 247, b-a). Hypogeous, and similar to that of B. 
latijolia. It commonces with tbo development of thick cotyleclonary petioles, 
wliich, Jiowever, are nol, so long as tliose of B. latifolia ; these assist tlie radicle 
to make its way into the gromid and tho plumule to cxtricate itself from 
betwcen tlie tlesJiy cotyledons. The cotyledons remain miclerground witJiin 
the testa. 

Ttie SEicnLraci (F.ig. 347). 

lioots : primary root long, tliick, teretc, tapering, woody, pubescent 
wJien young : lateral roots moderate in number, nbrous, distributed down 
main root. Hypocotyl distinct from root, 1-1-5 in. long, thick, subterranean. 
Golylcclons : petiole 0-3-0-4 in. long, broad, thiek, Aattened, somewhat Ueshy, 
bent to one side of stem : lamina 1-1-2 in. by 0-4-0-5 in.,thick, deshy, obliquely 
oblong, outer surlace convex, inner flat. St&m erect, terete or slightly com- 
pressed, green or reddish, young parts pubesoent, later becoming glabrous ; 
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internodes 0-4-3 in. long. Leaves simple, first pair opposite or sub-opposite, 
subsequent leaves alternate. Stipules 0-1-0-15 in. long, linear, pubescent. 
Petiole 0-4-0-2 in. long, pubes.cent. Lamina 1-6-4-5 in. by 1-3-2 in., elliptioal 
or ovate, apex and base acute, or base sometimes obtuse in iirst pair, entire, 
pubescent or glabrescent ; young leaves o£ten coppery brown ; lateral veins 
9-16 pairs. 

The growth of tlie seedling is rnoderate, a height of 6 in. to 1 ft. being 
attained in the lirst season and a height of about 1 to 2 ft. being ordinarily 
attained by tlie end of the second season. A long but somewhat fragile taproot 
is developed rapidly, the length being sometimes as much as 1 ft. within 
a month of germination, and 2 ft. by the end of the first season. Prost is 
unknown in tlie natural liabitat of the tree ; seedlings raised at .Dehra Dun 
wero found to be veiy irowt-tender. 

ARTnriciAL r.epuodugtion'. In spite of the long iragile taproot tlie seed- 
liugs can be transplanted successiully with care during the lirst rainy season 
when about onc month old. Eresh seed should be sown about June-July and 
well eovered witli earth. The most satisiactory method is to sow the seeds 
direct in long pots or baskets, or to prick them out into these from the seed- 
beds when about one month old, and to plant the seedlings out without dis- 
turbance of the root-system early in the second rainy season. 

3. Bassia hutyracoa, Koxb. Vern. Phalwara, pltulwa, chiura, Hind. 

A large deciduous tree with leaves soinewhat larger than those of B. lati- 
jblia, and crowded ncar the cnds of the branches. Bark dark grey. The 
seeds lurnish a white vegetable butter. 

The tree occurs in the sub-Himalayan traet and outer Himalaya from the 
eastern Duu eastwards, ascending to 5,000 ft. In the hills it is found chietly 
along the sides of ravines. It Aowers in the oolcl aeason, and the fruits ripen 
in June-July ; the seeds are 0-7-0-8 iu. long. The growth is fast. A cross- 
scction 3 ft. 5 in. in girth, without bark, in the silvicultural museum at Dehra 
Dun had 46 rings, giving a mean aunual girth increment of 0-9 in. Gamble's 
specimens gave three to four rings per incli of raclhis, representing a mean. 
aiLiuiat mrtJi ineremont of 1-57 to 2-1 in. 
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DIOSPYROS, Linu. 

This genus, wlii.ch contains nearly 50 Indian, wpeeies, is of irnportance 
chietly as containiiig the ebony-yielding trecs. The true jet-black ebony of 
coinmerce is yioJded by D. Ebenum, Koenig, whicli is oi more importance iu 
Ceylonthau in ludia. The eoniinonest Iiidian black obony trec is D. Mela.no- 
xylon, Roxb. (including D. tomentosa, Roxb.), the heartwood of which, though 
not so jet black as the truo ebony, is used to a eonsiderablo extent in India 
for carviug and turning. Of variegated ebonies the best known are thc caia- 
mander wood of Ceylon (D. (juaesita, Thw.) and the uiarblo-wood or aebra- 
wood of the Andamans (D. Kurzii, Hiem.). 

Silviculturally this genus reopiires further study. Several spccies tbrive 
in dry regio.us, for exainple D. Melanoxylon, D. burmanica, D. Ebenum, 
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and otliers. D. Embnjopteris goes to the otlier extrenie, thriviiig on moist and 
even marshy ground. The fruits are few-seecled berries ; some of them are 
edibie, and are readiiy devoured by fruit-bats, monkeys, and other animals, 
as well as by birds, particularly hornbills, and the seeds are scattered by their 
agency. As a rule the seeds have a high percentage of fertility. The seedlings 
develori long taproots at an early stage, often before any appreciable elonga- 
tion of the shoot takes place. A curious creeping habit of the young taproot 
has been noticed in the case of D. Melanoxylon, D. mowtana, and D. CMoroxylon 
(see under these species) ; possibly this may also be the case in other species. 
The growth of the seeclling is decidedly slow in a.U the species hitherto examined. 
A characteristic of certain species, notably D. Melanoxylon and D. burmanica, 
is the freedom with which root-suckers are producecl ; it is doubtiul if any 
other Indian tree surpasses D. Melanoxylon in the proiusion, hardiness, and 
tcnacity of its sucker reproduction. 

To this genus belongs the fruit-tree D. Kaki, Linn. f., the persimmon 
(Japanese Kaki, Burmese Tayok-te), which is much oultivated in China and 
Japan, and ocours wild in the Khasi hills and in Upper Burnia. It has been 
tried in India, aud has succeeded fairly well at Dehra Dun, wJiere tlie fruit 
ripens towards the end of the rainy season. D. Lotus, Linn., vern. amlolc, 
Punj., a native of western Asia, extending in the Himalayan region eastward 
to Kashmir aud Hazara, is cultivatecl for its fruit in the Punjab and in the 
Mediterranean region : it is frequently cultivated round villages in Hazara. 

Species 1. D. Melanoxylon, Iioxb. (including D. tomentosa, Boxb.) ; 2. 
D. Embryopteris, Pers. ; 3. D. Kurzii, Hiern. ; 4. D. burmanica, Kurz ; S. D. 
Ebenum, Koenig ; 6. D. CMoroxylon, Roxb. ; 7. D. montana, Roxb. (in- 
cluding D. cordijblia, Roxb.) ; 8. D. ehretioides, Wall. 

1. Diospyros Molanoxyloii, Boxb. : including D. tommtosa, Roxb. Vern. 
Tendu, Hind. ; Balai, Kan. ; Tumki, Tel. 

In his Forusl Flora of North-West and Gentral India Brandis unites thesc 
two, but in liis -Indian Trees he separates thein, wJiile expressing doubt as to 
tlieir being clistinct species . Gam ble , in liis Manual ofIndian Timbers , mentions 
tliat it is very dithcult to distinguish them either in thc lield or in the lier- 
barium. Haincs, in lhs List of Trees, Shrubs, dbo., ofthe Southern Oircle, Central 
Provinces, notes that both varieties occur mixecl up and appear to be oiteii 
indistinguisliable, but that in the region dealt with D. totiientosa is perhaps 
moj'e eastcru in its distribution : see also liis Fore,st Flora of Chota Nagpur. 
The main botanical distinotion eonsists in D. Melanoxylon having leaves 
narrower than D. tomentosa, witli base ancl apex often acute ancl secondary 
nerves raised, while D. tomentosa usually Iias rouuded or obtuse leaves and 
seoondary nerves impressed above. So far as the two Iiave been studied 
silviculturally, their characters apj^ear to be identical, and unless furtlier 
study shoukl reveal any radical diHorences they may be united from a silvi- 
culturai point of view. 

A small to moderate-sized, oceasionally large tree, with leaves opposite, 
sub-opposite, or alternate, eoriaceous, and varying much in size and form. 
Bark greyish black, exfoliating in regular reetaugular scales. Woocl hard, 
reddish brown, with an irregular black heartwood sometimes streaked with 
purple or brown. The wood is used for building, shafts, shoulder-poles, and 
other purposes, and is carved into walldng-sticlis, j)icture-frames, and fancy 
articles ; whon burnt it emits showers of sparks, and is therelore not a safe 
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fuel. Silviculturally the tree is of importanee in clothing clry poor ground, 
and is interesting owing to its woncleriul hardiness in surviving maltreatment. 

Distribtjtion and habitat. The distribution of D. Melanoxylon is 
stated to be tlie Indian Peninsula generally, extending northward to Bihar, 
and that of D. tomentosa the sub-Himalayan tract from the Ravi to Nepal, 
eastern Rajputana, the Central Provinces and Berar, Bihar and Orissa, aud 
■the Northern Gircars. Both are common m the Central Provinces, and Haines 
says that the latter is the eommoner form in Chota Nagpur, where it is one of 
the commonest trees throughout the forests. Considering the two forms as 
one sjiecies, this is one of the most oharacteristic trees of the dry mixed 
deciduous ibrests throughout India. It is locally common also in sal 
forest, often replacing the sal where the ground becomes too poor to support 
the latter. In the Peninsula it appears to reach its best development on 
metamorphic rocks. 

In its natural habitat the absolute niaximuin shade temperature varies 
from 105° to 119° F., the absolute minimum irom 30° to 55° P., and the normal 
raiuiali from 20 to 60 in. 

Leaf-siieddinc>, pldwering, and kruitino. The tree is lealless for 
a s.hort time in the liot season or is frequently never cpiite leafless. The howers 
appear f rom April to June, and the frmts ripen from April to June the following 
year. Tlie fruit is a globose to ovoid berry, 1-1-5 in. in diameter, smooth and 
yellowish wheu ripe, with 3-S seeds embedded in a sweet yellow edible pulp. 
The seeds (Pig. 248, a) are oblong, compressed, 0--5— 0-8 in. long, brown, shining, 
with a wrinlded testa and rnminato albumen. About 25 to 40 weigh 1 oz. 
Presh seecls liave a high percentago of ferti.li.ty ; dirlerent sampl.es of secd 
tested at Dehra Dun aftor being stored for a year had a 1'ertility of 10, 55, and 
00 per cent. .reapectivoly. TJie fruits are readily oaten by iruit-bats aiid by 
birds, notably hornbills, which may often bo seen in quantity among the trees 
at the time tho fruits are ripcniiig ; the seed is spread by their ageucy. 

GiiiriM rNAT.ro n (Pig. 248, b-j). Epigeous. TJie radicle emerges 1'rom onc 
end ol: tho seed and desccnds rapidly, forming a taproot of some iength before 
the elongation of t]ie hypocotyl is oojnpletecl. The hypocotyl elongates by 
nrchin»;, and in straighterung raises above ground the cotyledons enclosed in 
the testa and aibumen. The cotyledons are caducous, and eitlier they become 
detached beibre oxtricating theinsolves from the testa ancl fail to the ground 
still enclosed in it, or more usually they extrj.cate themselves, the testa ialling 
to the ground, but they fail o& not iong aiter. 

Tnn skhdlino (Fig. 248). 

lioois : piiinary rooi loug, thick, at lirst ileshy, aiterwards woody, black, 
tomentose, often bent or swollen in upper part near ground-levcl : latoral 
roots short, hbrous, distributecl down the main root. Hypocotyl distinct iiom 
root, 1-2-1-6 in. long, sllghtly eompressecl or terete, tapering upwards, minutely 
tomentose, at iirst sniooth ancL pink with a paie grey or pale yellow base, 
afterwards rough and reddish brown to nearly black. Gotyiedons sossile, 
0-7-0-8 in. by 0-25-0-3 in., ibliaceous, obiong lanceolate, apex acute os- rounded, 
entire, glabrous, delicate, white, pale pink or- pale green, oaducous, venation 
retienlate. Stem erect, slightly compressed or terete, woody, tomentose ; 
internodes 0-1-0-7 in. long. Leaves simple, exstipulate, &st p a ir or somotimes 
two pairs opposite, subsecpient leaves alternate or sub-Opp site. Petiole 
abont 0-1 in. long, tomentose. Lamina 1-2 in. by 0-6-1-2 in., elliptical, ovate 









Fig. 24(8. Diospyros Melanoxy1on — Seedling X -§ 
a- Seed b- f— Germinalion stages g-j— Dcvelopment of seedling to end of first season 
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or obovate, apex acute, obtuse or rounded, base rounded or slightly cordate, 
entire, coriaceous, glabreseent or sparsely pubescent with yellowish hairs, 
principal veins of lower surface pubescent ; olcler leaves dark green, younger 
leaves dull reddish green ; lateral veins 5 to 10 pairs, in D. tomentosa impressed 
on the upper surtace, in D. Mdanoxylon somewhat variable, but for the most 
part not impressed. 

• Note. — This description applies to the seedling both of D. Melanoxylon 
and of D. tomentosa. 

The main development of the seedliug during the first year or two is 
underground ; a long taproot is cjuickly formed, and may attain a length of 
1 ft, or more m a few weeks, and a length of 2 ft. or more with a diameter of 
nearly 1 in. by tlio end of the second season. Meanwhile the growth above 
ground is slow, a maximum height of 3 ot 4 in. being attained by the end of 
the tirst season ; during the second season the gi'owth is not nruch faster 
except under favourable conditions, when a height of 1-2 ft. may be reaohed 
by the end of the season. Under nnfavourable conditions dying back may 
take place, particularly where drought is severe, the stem of the young plant 
dying down while the root system develops, and a new stem being produced 
the Mlowing year. The season's growth ceases about November (northern 
Inclia) ; some seedlings are leaiHess by Pebruary-March, but others are never 
quite leatloss, the old ieaves continuiug to fall throughout March. New growth 
begins in Mareh or April. The seedliiigs stand a considerable amount of shade, 
persisting under it for some time. They are hardy against frost and drought, 
but not against excessive damp, and tend to rot in heavy damp weed-growth. 
They have great power of straggling through grass, but their development 
suffers, while more vigorous growth is promoted if the ground is kept clear of 
weeds and periodically loosened. 

SiLViotiL'i:xmAL oharacters. In the seeclling and young pole stage the 
treo stauds moderate whade, but later it requires more light. It is decidedly 
frost-hardy, and in the abnoruial irost of J905 in northern Inclia it resisted 
the frost more suecesslully than almost any other species. It is also drought- 
resistant ; in the abnormal drought of 1907 ancl 1908 in the forests of Oudh 
it proved to be conspicuously hardy (D. tomentosa), but in the severe drought 
of 1899-1900 in the Indian Peninsula it was affected to some extent, though 
sucker reproduction is saicl to have escajoed injury (D. Melanoxylon). Young 
plants and suckers are iminune from clamage by browsing ; in heavily grazed 
sal forest in Oudh an imdergrowth of this species may he found in places 
whore the ground Jias beeu grazec! bare, while in over-grazed forests in the 
Peninsula the prevalencc of a stunted growth of Diospyros is a familiar sight, 
the development of the tree being probably hindered by the trampling and 
hardening of tho so.il and not by browsing. 

The tree coppices modorately well, but the coppice-shoots grow slowly ; 
it pollards better, though the growth of the pollarcl-shoots is also slow. Coppice 
experiments in North Chanda, Centi'al Provinces, showed that after April the 
coppicing power is very poor, the pereentage of stools which coppiced success- 
fully in different months beiug (1) April 100, (2) May 30, (3) August nil. The 
extensive procluction oi : root-suckers, however, is one of the most oharacteristic 
features of thia tree. Its hardiness and immunity from damage by grazing 
assist it to establish itself in cjuantity by this means, and on eleared forest 
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land masses of sucker reproduction persist for many years after other species 
have clisappeared, and they are dimcult to eradicate on land required for 
cultivation. Similarly on abandoned cultivation sucker growth springs up 
readily, and if left alone may result in pure crops of Diospyros. 

Natitbal bjgproduction. As already mentioned, the seeds are spread by 
fruit-bats and by birds, notably hornbills ; seedlings may sometimes be found 
in the forks of trees or in other places above the ground, the seed having been 
oonveyecl there by their agency. Under natural conclitions, germination begins 
early in the rainy season and continues duriug that season ; some seed may 
remain dormant until the seconcl rainy season. Germination is greatly favoured 
if the seed becomes covered with earth, as in this case the radicle is less liable 
to destruction by insects, or, if exposed. to the sun, by drought. Nevertheless 
the young taproot is very hardy, and under shade or under the proteetion of 
grass it may creep for some distance along the surface of the ground until it 
is able to penetrate the soil ; this is a coinmon habit in natural seedlings. The 
profusion and tenacity of sucker reproduction is, howcver, in itself sumcient to 
ensure the survival and increase of this species even without the aid of secdling 
reprocluction, which is itsell often plentiful. 

Abtiitcial repkoductios. Experiments at Dehra Dun havc showu that 
transplanting from the nursery is attended with much risk owhig to the large 
size of the taproot ; this applies both to seedlings transplanted entire and to 
those transplanted with pruned stem and root. Probably the most successrul 
method, if planting has to be resorted to, woulcl. be to sow the soeds in long 
narrow baskets and to plant those out intact in the second rains. Sowing 
shoukl be carriecl out about April-May, carc being takcn to cover the seecls 
with earth. Dircct sowing is usually prelerable to transplauting, the best 
mothod being to sow in liiies aud to keeo the lines weeded during the iirst 
two or three years. Line sowings witli the aid of rieicl crops havc been carried. 
out in the Amraoti 1'orest division, Berar. 1 

.R/Atja oif ouowt.u. Tlie few sample plot measuremonts available indicate 
that tlie rate of growth is slow ; thesc are as follows : 

Diospyros Meluiio.rijloii ancl D. tomeniosa : rate of growth in high lorest 

sample plots. 

Number of Numbcr of 

Korcsl, yoars undor tioea under 

i'rovinco. diviaion. . Looality. lneasurcmont. ineasurenieiit. 

Utiited ,S. Klieri KiHliaupur !) I. 

Proviiu:os 

Central Balughat Kaiga,rh and 8 2 2-IJ 0-20 

Proyinccs liailiar 

A tree felled in West Kurnool, Madras, hacl 216 rings for ;i girth of ft., 
representing a meau annual girth increment of 0-33 in. 2 

Coppice growth is also slow. Measurements macle in 1911 in two coppice 
coupes each two years olcl in tho Goncla distriet, United Pj.'ovinces, gave an 
average height ol 4 aud 4-8 ft. as compared with 7-6 ancl 10 ft. for sal ; in 

1 Ind. Porostor, xxxvii (1911), p. 8. 

- Working Plan ibr the Gundlabrahmohiwarain Range, Wost Kurnooi, H. F. A. Wood, 1012. 
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eitlier coupe the average number of shoots per stool was 1-4, and the rate of 
growth of this species was slower than that of auy other species present. 
Measurements in 1912-13 in coppice coupes one year old in Bhandara, Central 
Provinces, showed an average height of 5*1 ft., as against 7-1 ft. for teak, 
3-9 ft. for Buchanania latifolia, and 3-8 ft. for Soymida febrifuga. 

Measurements made in 1910 by Mr. 0. M. MoOiie in coppice coupes in tlie 
Gorakhpur district, United Provinces, gave the following results : 

Dioupyros lomentosa : rate of growth of coppice, Goraklipur. 

Age. Moaii height. Mean girth, 
years. ft. in. 

2 4-8 1-8 

4 6-8 2-8 

6 7-9 3-3 

8 8-7 3-6 

2. Diospyros Embryopteris, Pers. Vern. Gdb, kala tendu , Hind. ; Timburi, 
Mar. ; Kusharia, Kan. ; Niti hcmilci, Tek ' 

A moderate-sized, much-branched, handsome evergreen treo witli a short 
bole and a dense rounded crown of dark green ioliage with sliining coriaceous 
leaves. Bark smooth, dark greenish grey. Tlie fruits are rieh in tannin, and 
the unripe iruits contain a viscid imlp used as gum in bookbinding and for 
paying the seams of boats. Tlie tree is often planted for ornament in gardens ; 
it is not a timber tree. 

Distmbution asd habitat. Tlie sub-Himalayan tract from the Jumna 
to the Tista, Ghota Nagpur, in many parts of the Indian Peninsula, and in 
Martaban aud Tenasserim. The tree frecpients moist aud evcn swampy 
ground along streams and in shady raviues, whcre it is sometimes more or less 
gregarious. In the Dehra Dun vailey it is characteristic of swanrp forests, in 
association with Putranjwa Roxbnrghii, Ficun glomerata, Eugenia Jambolana, 
Plerospermum acerifolium, Oarallia lucida, Trewianudiflora, Bischoffia javanica, 
and a few otlier speeies. In the Siuidarbaus it is found on old village sites in 
the interior. 

Elowicring and FiirjiTiNG. In northern India the creamy white fragrant 
llowers appear from March to May along with the young leaves, which are 
bright crimson. The fruits begin to ripen about May in the Mlowing year, 
but may be found on the tree for a fcw months later ; they are more or less 
globose, 1-5-2 in. in diameter, covered witli a red velvety tomentum (Eig. 
249, a) ; tliey contain about 5-8 seeds in a glutinous pulp. The seeds (Eig. 
249, b) are 0-6-0-8 in. by 0-4-0-45 iu., compressed, with a fairly thick testa ; 
about 350-400 weigh 1 ib. The fertility of fresh seed is high, but so far as 
tests at Dehra Dun show the seed cloes not retain its vitahty for a ycar. The 
fruits are eaten by fruit-bats aud monkeys, ancl the seeds are distributed by 
their agency. 

Germination (Fig. 249, c-g). Epigeous. Tiie radicle emerges from one 
end of the seed and descends rapidly, lorming a black taproot of some lengtli 
bef ore the elongation of the hypocotyl is eompletecl. The hy pocotyl elongates 
by arching, ancl iu straightening raises above ground tlie cotyledons enclosed 
in the testa and albumen. The cotyledons are caducous, and are usually leffc 
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wholly or partially enelosed in the seed-coat, falling with it, or aometiines 
they extricate themselves, the testa falling to the grouncl, but they in their 
turn soon fall, leaving the pointed plumule, from which the first pair of 
roliage leaves soon expands. 
The seedljno (Eig. 249). 

Eoots : primary root long, thick, terete, tapering, black, at fii'st ileshy, 
afterwards woocly, minutely tomentose ; lateral roots moderate in number, 
short, ribrous, chieny in apical part of main root. Hypocotyl distinct from 
root, lower portion 0-5-0-7 in. in length, swollen, grey or light greenish brown, 
upper portion, 1-5-2-2 in. in length, compressed, pink or green turning dark 
greenish brown, glabrescent or finely pubescent. Ootyledons : petiole 0-1 in. 
long, channelled above ; lamina 1-1-3 in. by 0-4-0-5 in., Miaceous, oblong 
lanceolate, entire, glabrous, pale pink, eaducous, apiees folded into the albu- 
men. Stem erect, eompressed, pubescent, dark greenish brown, young parts 
red ; internodes 0-2-0-7 in. iong. Leaves simple, exstipulate, first one or two 
pairs opposite or sub-opposite, subsequent leaves alternate or sub-opposite. 
Petiole 0-.1-0-2 in. long, rlattened above, minutely pubescent. Lamina 1-5-8 in. 
by 0-4-0-7 in., oblong laiiceolate, entire, dark green, smooth, shining, coriaceous, 
glabrous above, pubescent on midrib beneath, young leaves red. 

The growth o.f tlie seedling is very slow, averaging only a few inches 
a year for the rirst three years. Seedliugs raised at Dehra Dun attained thc 
followiug maximum heights by the end. of the first five seasous : (1) (i in., (2) 
8 in., (3) 10 in., (4) 2 ft. 9 in., (5) 3 ft. 2 in. A Jong taproot is developecl early, 
and may attain a longth of 9 in. within a month of germination ; its subsequent 
growth is slower, a length of ahout 18 in. behig ordin.arily attained by the end 
of the seoond season. 

In their earlier stages tlie seedliugs are subject to tlie attaoks of iusects, 
while bircls, squirrels, antl hares b.ite o('f thc young shoots. Seedlings are 
sensitive to irost ancl drought ; they rccpiire shade for their best development, 
ancl are apt to die off if ex])osed to a hot sun. They also retpiire plentilul 
moisture in the soil. 

iS."!.rjVio 1/1/1.' tJRAL oharact.ers. The trec is a shacle-bcarer ; iu the uatural 
stake young plants d.eveiop ilrceiy uncler a fairly heiwy canopy. It thrivcs 
with abiuidaiice of moisture in the soil, and along streams and in swampy 
ground it is sometiines ioiincl. growi.ug with its roots submerged in running 
water ; very moist grouncl, liowever, is not essenLial for its growth, since it 
is Jlound wild, and is ofk;ti cultivated, on ordinary loam, where it thrives, 
provided the soii is not too clry. 

Nattihal REiMioDucTTON. The seecl is frequently spreacl by animals, 
particularly nionkeys ancl fruit-bat«, and possibly also by birds ; groups of 
seedlings Jiave been obs;ervecl in the forks of trees several feet above ground, 
from seed carriecl by fruit-bats ancl. passecl out in their exc.reta. 

The 1'ruits t]ieiiiselvos fall to tJie ground from about Jtme or July onwards, 
and soon dry up or rot, the scecls being exposed ; providecl. the latter becorne 
buriecl within a reasonable time, or are lying in a moist shacly place, gerinination 
takes placo cluring the rainy season, but seeds lying exposed in the open usually 
fail to germinate. 

Artipioiae kepboduotion. Seedlings cau be raisecl in the nursery and 
transplanted successfully provided care is taken not to injurethe long taproot. 
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Fig. 249. Diospyms .Emkyopkris—^KKDi.mc x i 
a — Fruit b— Secd c - g— Genuination stages li-j Developmei]t of seedling to end of first season 
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Fresli seed should be sown in the seed-beds about Ju]y, the seeds being placed 
about 4 in. apart in drills 9 in. apart. The soil should be well worked up before 
sowhig, and subsecjuently prevented from caking, and the beds should be shaded 
and well watered in dry weather. Tlie seedhngs usually appear in two to 
three weeks after sowing. Transj)lanting may be done either in the first or 
in the second rainy season ; dry situations exposed to the sun should be avoided, 
the seedlings being planted if possible under moderate shade, preferably from 
the side. Watering may be neceasary for a time after transplanting. If tlie 
trees are grown for their fruit, wide spacing, say 20 ft. by 20 l't. or even more, 
is necessary owing to the spreadiiignature of the erowns. 

K/ATK of gkowth. The rate of growth is moderate. A cross-section in 
tbe silvicultural museum at Dehra Dun had 70 rings for a girth of 3 ft. 3 in., 
or a mean annual girth iucrement of 0-56 in. Erandis gives 7-8 rings per 
inch of radius, representing a mean annual girth increment of 0-7S-0-9 in. 

3. Diospyros Kumi, Hiern. Andaman marble-wood or zebra-wood. 
Vern. Pedia-da, And. ; Kala lakri, Hind. (iii Andamans) ; Thiikya, Burin. (in 
Andamans). 

An evergreen tree with thin smooth grey bark, ordinarily attaining 
a height of 40 to 50 ft. with a clear bole of 15 to 20 ft. and a girth up to 5 ft. ; 
occasionally it reaches larger climensions. The wood, which is known on the 
'London market, is a valuable and very handsome variegated ebony with 
alternating streaks of black and grcy ; the out-turn of variegated wood from 
the log is, however, comparatively small. 

The tree is found throughout the Andamans, and occurs also in tlie Nicobars 
and Coco Islands. It is found scattered in semi-decicluous and evergreeir 
forest«, usually on low-lying and undulating ground, along with padauk (Piero- 
carpus dalbcrgioides) and its associates. Its siMculture has uot been studied 
in detail. 

4. Diospyros burnianica, Kurz. Vern. T'ĕ, Burm. 

A small to niodorate-sized deciduous tree with rigid branclies. Bark 
rougii, blaekish. This tree is cominon in Burma in indaing forest of a dry 
type, usually on laterite, along with Dipterocarpus tubercidatus, SJiorea obtusa, 
Pentacme suuoiti, Buchanania latijolia, and otlier trees charaeteristie of this 
type of f orest, ancl also in the dry open mixed lorests of the dry zone of Burma. 
Thc tlowers appear in March-April, and the fruits ripcn in December-January ; 
thcy are 1-1-5 in. in diameter, swcet and edible when ripe. The tree produces 
root-suckers freely, and oftcn springs up gregariously on abandoned cultiva- 
tion by nieans of suckers from roots Ieft in thc gronnd (see Fig. 245). 

5. Diospyros Ebeinini, Koenig. Ebony. Vern. Karunkdli, Tam. ; Tiiki, 
naUuli, Tei. ; Kaluwara, Cingh. 

A large evergreen tree with a clense orown and tliick clark coriaceous 
leaves. Bark dark grey, rather rough, with longitudinal cracks. Mr. A. K 
Broun x says that iu Ceylon it attains a girth up to 14 ft. ; in Inclia it is of com- 
paratively small size. The heartwood furnishes the true ebony of commeree, 
a jet-black, very hard, close-grained woocl, usecl for turnery, carving, piano- 
keys, and mie ornamental work of various kinds. The tree is of great com- 
mercial iinportauce iu Ceylon, whence the wood is regularly exported to 

1 Ind. ]?oi'ei3ter, xxv (1899), p. 275. 
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Europe ancl elsewhere ; in India, however, the trees are neither large nor 
common enough to he of any great importance commercially. 

Distribtjtion and habitat. Sparsely scattered in tlie iorcsts of the 
Deccan and Carnatic, chieSy in Kurnool and Cuddapah, scarcer farther south. 
Bourdillon says that in Travancore it has been found only in the Anjinaud 
valley in the north, but it may also occur on the slopes above Puliyan and 
near Panagudi. It is a tree of the dry regions, and occurs chieAy in dry ever- 
green forests. 

In Ceylon, according to Mr. Broun, it is most abundant in the dry zone, 
and the richer forests are all in the northern half of the island, especially in 
the eastern portion of the North Central Province ; it is also well represented 
in the Northern and North-Western Provinces. Outside the dry zone it 
occurs in the intermediate zone, and in the south of the island it penetrates 
even into the moist zone. The best ebony is found on rocky well-drained soil, 
usually on sandy loam with a good subsoil drainage, but at times on soil with 
a fair proportion of clay ; it is frequently found near watercourses which are 
dry during part of the year, but never 011 swampy soil. It does not grow pure, 
but is found scattered in mixtiu'e with many other species, including Ghloro- 
xylon Siuietenia, Mimusops hexandra, Nephdium, Longana, Gleniea zayla?iica, 
Vitex allissima, Albizzia odoralissima, Berrya Ammonilla (on moister soils), 
and otber species of Diospyros. 

Flow:ei«..ng and kroiting. In Ceylon the Aowers appear about Marcli, 
i)ut the tlowering season seems to be rather irregular ; tJie fruits usually ripcn 
before the north-east monsoon, that is, about September-October, but the 
tree is said occasionally to seed twice a year. Good seed-years are somewliat 
irregular, and the seed is liable to the attacks of weevils (Broun). 

Silvicttltukal oiiabacters . The seedlings endure a fair amount of 
shade, but aftcr they have established themselves the adnrission of light 
directly overhead is benencial. Mr. Broun considers that it is best not to 
admit too much light until the maximum height is reached, wlien space should 
be given for the developmenb of the crown. 

Bate op growih. The rate of growth is slow, Mr. Bronn gives for 
Ceylon the Mlowing average hgnres, which, howevcr, he admits to be only 
tentative : 

Uirtli. Corresporiding age. 
ft. in. years. 

1. (i 25 

:s 75 

4 135 

fi 200 

G. IHospyros CJiIotmylon, Roxb. Vern. Ninai, nensi, M.ar. ; Ullimji, Tel. 

A large shrub or small tree, often spinescent. Bark rough, dark grey, 
witli small, reetangular eorky scal.es. Wood yellowish grey. This is a useful 
fuel plant, and yieltls good fodder ; the fruits are eclible. It is found in many 
parts of central and soubhern India, extending north to Orissa, Chancla, and 
Nasik. .I.t is coinmon in dry deciduous forests ; Gamble says it is comnion in 
the dry evcrgrecn forests of Cuddapah, Kurnool, North Arcot, and Chiugl.cpnt, 
preferring laterite and sandstoue hills, and is a usciul fuel plant ; Haines says 
it is common on cotton soil in North and South Chancla. 
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The Aowers appear in Jime-July, aud the fruits ripen from January to 
April. The fruit is globose, smooth, shining, 0-3 in. in diameter, with 2-3 seeds. 
The seeds have a high percentage of fertility, and tests at Dehra Dun gave 
a fertility of 80 per cent. with seeds kept for one year. Experimental plots 
at Dehra Dun showed that nnder natural conditions germination starts early 
in the rainy season, and that, as in the case of D. Melanoxylon and D. montana, 
if the seed is not buried, the young taproot may creep along the surface of the 
ground for some time in its efforts to penetrate the soil. In this case if exposed 
to the sun the seedling soon perishes, but under shade it may remain alive 
and vigorous ; seedlings with two well developed foliage leaves have been 
observed with their taproots still creeping aloug the surface of the ground and 
developing lateral rootlets, although not yet established in the soil. The seed- 
lings are capable of standing a considerable amount of shade and of persisting 
under grass ; they ordinarily reach a height of 4-6 in. in the fkst season. 
The tree produces root-suckers. 

7. Diospyros montana, Roxb., incl. D. cordijolia, Roxb. Vern. Bistendm, 
Hind. ; Tembhurni, Mar. ; Valclcanai, Tam. ; Chdk, Burm. 

A small to moderate-sized, very variable, deciduous tree, often spinescent. 
Nowhere very common, but wiclely distributed in deciduous forests throughout 
the greater part of India and in Burma (var. cordijolia only). The wood does 
not iurnish any black heartwood. The nowers appear irom March to June, 
and the fruits ripen from December to Pebruary (northern India), but the 
fruiting season appears to vary ; Bourdillon (Travancore) and Talbot (Bombay) 
say the rainy season. On three oecasions I have received fresh seeds from the 
Central Provinces in June-July. Tho fruit is globose or ovoid, 0-7-1 -2 in. 
in diameter, greenish yellow, turning black. The seeds are 0-6-1 -1 in. by 
0-4-0-5 ih., brown, compressed ; the percentage of fertility is high. 

Uncler natural conditions the seed germinates early in tlie rainy season, 
and if it lies unburiecl the tajsroot may crawl along the surface of the ground 
for some time before it succeeds in penetrating the soil, as iu the case of D. 
Mdanoxylon and D. Chloroxylon. Under these conditions, if exposed to the 
sun,'the germinating seedlings are liable to perish, but under shacle they persist 
for some.time until the taproot eventualiy establishes itself. Grass and weed- 
growth also act as an emcient protection during germination. The seedlings 
are capable of standing fairly clense shade. Their growth is slow. 

"8. Diospyros ehretioides, Wall. Vern. Aulcchinsa, Burm. 

A large deciduous tree with spreading branches and large leaves uj) to 
1 ft, or more in length. The wood, which is gr.ey with darker streaks, some- 
times handsomely mottled, is not much used. This is a familiar tree in the 
mixed deciduous forests of Bunna, both in the upper and in the lower mixod 
types, though perliaps commouer in the latter. It is somewhat shade-bearing, 
its spreading crown being often conspicuous below an upper story. The 
fruits ripen in the cold season ancl are eaten by hornbills, as the Burmese 
name implies. 
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Gencra 1. Feaxenits, Linti. ; 2. Olea, Linn. ; 3. Nyctanth.es, Linn. ; 

4. SCHREBERA, "Roxl). 

1. FRAXINUS, Litm. 

Brandis (Indian Treen) enumerates five Indian species : (1) F . jlorihunda, 
WalL, nowers with petals, appearing a,fter the leaves ; Afghanistan, trahs- 
Indus, Hhnalaya, Kliasi Iiills and Shan hills. (2) F. Oriff,ihii, Clarke, ilowers 
with petals, appearitig after tlie leaves ; Mishmi hills. (3) F. excelsior, Linn. 
(mcluding F. Hoolceri, Wenzig), tiowers without pctals, appearing before tlie 
leaves, leanets two to four pairs, base entire, upper part slightly serrate ; 
western Himalaya from the Ravi drainago westwards. (4) /''. oxyphylla, 
M. Bieb., similar to (3) but leailets otie to four pairs, eoarsely serrate ; Balu- 
chistan, Afghanistan. (5) F. xanihoxyloide,H, WalL, syn. F. Moorcrojiiana, 
Brandis, a ahrub or small tree with very variable leswes, oecurrhig in dry 
situations in the wcstern Himalaya, Aiighanistau, and. Balucliista,n. 

Parker (Forest Flora jor Ihii Punjab), distinguishing between. F . jloribunda, 
Wall., and F. micraniha, Lingelsh. — a very similar spocios oxcept tliat the 
tlowors have no petals — gives ( I ) F . jioribunda, Wall, Hiutalaya, Nopal, Assam ; 
all tlic western Himalayan species ho has seen bch)ng to F. nmrwniha a.nd. not 
to F. fi,oribunda. (2) F. indcraniha, Lingelsh., Himalaya 0,000-7,000 ft., 
Kniuaun to Bashahr and probably iarther west ; ho lias, however, ween only 
one Punjab spechncn. 

Species 1. F. fioribu,nda, Wall. ; 2. F. cweldor, Litin. ; 3. F. xan,ihoxy- 
loides, Wall. 

1. Fraxinus uoribunda,, Wall. Lidian ash. Verti. 8nm, wiigu, W. Him. 

A largc d.eciduous tree with oppositc imparipijinato leaves ; h.iall.ets usually 
sevon to ninc, all with petiolules except the upper pair, whioh ;tre sub-sessilc. 
Braneltlets ptuple, coutpressed, glabroirs, wiiih whito leuticels. Bark grey, 
smooth on young pole.s, roiiglt witli d.oop longitudinal lurrowH on older trees. 
Wood pinkish white, modcr;tteJy ltard, toiigh, used. iov oars, wboukler-poles, &c. 

It is probable tliat inany speeimens tertned F . jloribnniUi, in tlie lorest are 
in. retdity ./''. micraniha, (see introtltiction to this genus). 

Thc Indian ash. is tbund in tlic Hiinalayan rogion :from iSikkim westwards 
at 5,000-0,000 ft., in the Kliasi. lu.lls, and. the Shan liills of Upper Burma at 
4,000 ft. It is oeciisio.uall,y e.uitivated in. the Himalaya at suitable clewations. 
In the wild statc tlie tt'ee is by uo moans almndant, its distribution being 
somewhat local ; it is couliiied tis a rule to r.ich moist soil.s and shady situations. 
Mr. PernandcK 1 says that in (ilit', Ntdui. Tal district it ocours gcnerally in tlie 
heiglibourhood of liinestone rocks, and that it seeds protusely and. reprodttces 
Lairly well on loose soil iree frotu wcedw. 

The tree is leahess iu the winter. Tiie ilowors ap|jear in April-May ttnd 
the fruits ripen in September -October. Tlie seed. lies dormant in the ground 
for a wholc year, and transplanting from the nursery is thereiore better than 
direct sowing. Sced may bo sown. i.n the nttnsery in tho autumn of ripeniug 

1 Naini Tal Working Plau. 



ERAXINUS 657 

or in the following spring ; in either case it gerrninates in the spring about- 
seventeen or twelve months later as the case may he. Transplanting is pre- 
ferahly done in the winter with seeclhngs kept ahout two seasons in tlie nursery. 
During the iirst season the growth of the seedling is comparatively slow, hut 
during the second season it is usually faster, a height of 2 ft. being attainahle 
by the end of the season under favourable conditions, while by the end of the 
third season a height of 3-5 ft. is ordinarily attained. The treatment of the 
seecl usually followecl in Europe in the case of F. excelsior (see below) may 
prove suitable for this species. 

The growth is slow to moderate : Gamble's specimens gave an average 
of 13 rings per inch of radius, representing a mean annual girth increment of 
(M8 in. Wallich gives 8 rings, or a mean annual girth increment of 0-7S in. 
2. Fraxinus escelsior, Linn. European ash. Vern. Sum, Punjab. 
A large straigbt-stemmed trec. Bark (Inclia) light grey, smooth in young 
trees, becomiiig rough witli deep longitudinal furrows in old trees. Wood 
whitisb, moderately hard, tough and elastic, used for oars, shafts, tool-handles, 
and many other pnrposes. In the European ash there are nine to nfteen 
leailets ; the Inchan representative has usually five, rarely seven leanets, and 
this together with other distinctions led Wenzig to regard it as a distinct 
species (F. Hooheri, Wenzig). 

Fraxinus excelsior occurs wild in the western Himalaya at 7,000-10,000 ft. 
elevation in Hazara, Kashmir, and Chamba. Its clistribution is very local ; it 
is connned to moist, deep, fertile soil, often in the neighbourhood of streams, 
and attains a height of 80-90 ft. and a girth of 8 ft. and over. There are some 
good specimens in the upper Siran valley in Hazara, on deep, moist, fertile 
loam obtained from the deconrposition of mica schist ; here the tree grows 
on the sides of moist ravines, often in the neighbourhood of running water, 
the surrounding forest consisting of spruce, silver nr, blue pine, and deodar. 
as well as horse-chestuut, maple, walnut, and other broad-leaved species. 
Fig. 250 shows a large tvee in this locahty. Natural reproduction springs up 
cliieny on newly exposed clean ground on the sides of moist rayines, often 
among boulders. 

The artincial cultivation of this ash deseiwes more attention. It has been 
planted with snccess as low as 4,000 ft., and appears to grow better at lower 
than at higher elevations. For planting purposes, however, care is necessary 
always to select deej), moist, fertile soil, preferably on the sides of ravines or 
near mountain streams. 

Based on European experiencc, its characters and requirements may be 
briefly indicatecl. The tree is a light-demander, but stands some shade in 
yonth. It avoids sandy soil, thriving best on deep, moist, fertile loam, and 
in Europe is found most commonly on low ground near riyers. It has a well- 
developed root-system, and is wind-hrm. It is sensitive to drought and to 
frost. It coppices and jiollards well, and reproduces to some extent by suckers ; 
stools, however, do not live very long. In Europe the seed ripens in October 
and falls during the winter, germinating in the second. spiing : it retains its 
vi1iality for two or three years. Before sowmg it is usual to bvn'y the seed in 
sancl from the time it ripens until the second spring, when it is sown as late 
as possible to avoid the risk of late frosts. In nurseries the seecUings are 

2 507 .2 y- 
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pricked out in the spring the year after sowing, and are ready for planting 
out one or two years later. 

The ash is treated as coppice, coppice-with-standards, on the pollard 
system, or as high forest, in which case it should be underplanted with a shade- 
boarer. The heigbt-growth is lairly rapid, but the tree does not attain a great 
age or a very large diameter. 

3. Fraxinus xanthoxyIoitles, Wall. Syn. F. Moorcro/tiana, Brandis. Vern. 
Sanjal, hanuz, anga, W. Him. 

A large shrub or small tree with branchlets compressed and minutely and 
densely pubescent. Bark grey, smooth, dark and cracked when old. Wood 
hard, used for tool-handles, walking-sticks, and fuel. Indigenous in the western 
Himalaya from Kashmir to Knmaun at 3,000-9,000 ft., trans-Indus, Afghani- 
stan, and Baluchistan ; locally plentiful and often gregarious on dry slopes, 
chiedy in the inner Himalayan valleys. In Hazara it occurs on dry hill-sides 
in scrub ibrest in the Kagan valley, chiedy between 4,500 and C,000 ft., asso- 
ciated at the lowor elevations with Acacia modesta, Olea cuspidata, Berberis 
spp., and Punica Granatum, and in places with Quercus Ilcx. Fig. 251 shows 
the rocky groimd ou which it is often found. The tree is mueh lopped for 
fodder. It is an important species in the Baluchistan forests. The nowers 
api^ear March-April and the fruit ripens Jidy-August. Adverse weather 
conditions sometimes prevent the ripening of the seed. The growth is slow : 
Brandis gives 20 rings per inch of radius, representing a mean annual girth 
increment of 0-31 in. The foIlowing measurements of coppice-shoots in the 
Hazar-Ganj forest are recorded in the Baluchistan Eorest Reports for 1914-15 
and 1915-16 : 

Fraxiwus xanihoxyloides : coppice measurements, Hazar-Ganj forest, 

Baluchistan, 1014-lG. 



Age. 


H 
1014- L5. 


oight. 


101C- 


■10. 


Age. 


1914-15. 


Height. 


1915-16. 


yeara. 
1 
2 
3 
4 
5 


fl>. 

2-0 
2-1 




ib. 

2-4 

2-5 
0-8 
0-0 

2. 


1 

1 

OLEA, 


years. 

7 
8 

10 

Litin. 


ffc. 

4-10 
0-12 
8-13 
0-14 




fl,. 

6-12 

8-13 

10-14 

10-15 



Species 1. O. cuspidata, Wall. ; 2. O. gland.ulijera, Wall. ; 3. O. dioica, 
Roxh. ; 4. O. europaea, Linu. 

1. Olca cuspidata, Wall. Syu. O. /erruginea, Royle. Indian olive, wild 
olive. Vem. Kao, lcahu, W. Him. ; Zaitun, Pushtu. (Fig. 252.) 

A moderate-sized unarmcd evergreen tree with small coriaceous leaves, 
dark green above, reddish brown beneath. Bark grey, thin, smooth, exfoliati»g 
in narrow strips. Wood brown, very hard, close grained, used for tool-handles, 
turnery, combs, &c. ; an excellent fuel. This species yields very little oil 
from the fruit kernels, but it niakes a suitable stock on which to graft tho 
cultivated olive, O. europaea, Linn., to which it is closely allied. It attains 
a height of 30 to 40 ft. and a girth of 6 ft. or more. 
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Fici. 252. Oka cuapiilittti, Hii7.su'ii. 
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Distribution and habitat. Indigenous ia the western Himalaya, 
aseending to 6,000 ft., from the Jumna westward, the Suliman and Salt rlanges, 
hills to the west of Sind, Afghanistan, and Baluchistan. In the western 
Himalaya it is somcwhat local, occurring chierly along the outer hills and in 
the dry inner valleys. In the trans-Indus eountry, along the eastern nank 
of the Snliman and other ranges, it is often abundant. In the Salt Range it 
grows ecjually well on limestone, sandstone, shale, and marl. It is usually 
more or less gregarious, and is very common on hilly ground, often associated 
with Dodonaea viscosa, Acacia modesta, A . Catechu, Carissa sjnnarum, Beptonia 
bitxifolia, and Pistacia integerrima ; in the Pinus longifolia forests it oiten 
occurs on rocky ground on hot aspects. In the Kalachitta range of hills in the 
Rawalpindi district it is ahundant on limestone, favouring the valleys and the 
northera slopes up to 1,500-2,000 ft., above which altitude it is gradually 
replaced by Dodonaea : on hot exposed situations with shallow soil it is less 
plentiful, giving way to Acacia modesta. Except in a few places at the foot 
of this range it does not extend into the plains. In Haaara it is conimon on 
the limestone hills of the Khanpur range at 2,500 to 5,000 ft., associated with 
Acacia modesta, Punica Oranalum, Berberis Lycium, Pinus longijolia, and other 
species ; in the Kagan valley it is found on hot hill-sides at 3,500-5,500 ft., 
often with Fraxinus xanthoxylokles . It is often planted in gardens in the 
plains of northern India. The tracts in which the tree grows wild are charac- 
terized by great heat and long periods of drought in the hot season, with 
a considerable degree of cold in the winter ; the rainfall for the most part 
varies from 15 to 30 in. 

Leae-shedding, elowerikg, and eruiting. The leaves are shed in 
January-February and the new leaves appear hefore the old ones all fall. 
The white tlowers appear from March to September, aceording to locality aud 
elevation. The fruit, which ripens from September to December, is a black 
ovoid drupe about 0-3-0'5 in. long with a bony endocarp. 

The seedling. The growth of the seedhng is vcry slow, an average 
height of only about 3 in. per annum being the usual rate of growth during 
the hrst three years. A long taproot is developed at an early stage. The 
seedling ia sensitive to drought, and under natural conditions requires shade 
and moderateiy good soil for its establishment. 

Silvicultubal CHABAOTEBS. The tree is a shade-bearer. It is browsed 
by carnels and goats ; browsed plants usually assume a dense shrubby form 
with small leaves, from the centre of which a few long shootswith normal 
leaves appear, which, if allowed, grow up into trees. Deer and wild sheep 
(oorial), where present, also do damage by browsing, especially to coppice- 
shoots. The tree is often lopped for fodder. It coppices well if cut in the 
dry season, and produces root-suckers. Experiments carried out in the Punjab 
in 1912 and 1913 showed that irom August to October inclusive coppicing was 
a failure, while from January to June inclusive it was very succeasiul ; coppicing 
in July gave moderately good results, while the results of fellings in November 
and December were not conclusive when the ohservations were recorded. 1 

Natural beproduction. Mr. B. 0. Coventry 2 has recorded some 

1 Puujab Eoreat Conferenoe Prooeedinga, 1913 and 1914 t 

2 Iiid. Foiestor, xli (1915), p. 395. 

V 2 
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observations on the natural reproduction of the wild olive. Germination 
appears to take place about Eebruary, and the essential conditions for success- 
ful reproduction are shade during youth and suihcient depth of fertile humus 
soil. Mr. Coventry contrasts the absence of reproduction in the Kalachitta 
and Khairimurat ranges of the Rawalpindi forest division, where the soil is 
shallow, exposed, and denuded, with the satisfactory reproduction observable 
in parts of the Salt Range, wbere owing to more effective cover and more 
favourable soil conditions natural seedlings are to be found in some quantity : 
these seedlings are always found under the shade of bushes or trees and in 
pockets of good humus soil, never in the open or on shallow denuded soil. 
The presence of olive trees in tlie former tract is accounted for by the fact 
that these must have sprung up when the ground was well covered with 
shrabs and trees and the soil had not become denuded, and the perpetuation 
of the species has been effected by suckers and not by seeclling reproductiou. 

Artiipioial repkodtjction. The tree may be grown from seed sown 
towards the end of the cold season in light porous mould, either in pots or 
in raised nursery-beds ; the seedlings should be kept shadecl and regularly 
watered. The young plants may be planted out cluring the rainy season of 
the following year, or, if irrigation is possible, in April. Direct sowings iu 
blanks always fail, but seed sown in fairly good soil under the shade of bushes 
may have a reasonable chance of success. The tree can be grown successfully 
from cuttings, pieces of mature wood about ^— 1 in. in diameter being used : 
it can aJso be raised successfully by transplanting root-suckers. 

RiAte op growtit. The growth is slow. The annual rings are not distinct, 
but can sometimes be distinguished with approximate accuracy : by their aid 
and by measuremeuts of coppiee-shoots, it is estimatecl in the Kalachitta 
working plan that coppice attains a girth of 15 in. in about tbirty years, and 
tliis periotl has bcen adopted as the rotation for coppice fellings. Coppice- 
shoots six years old in the Dartian reserved forest, Khanpur range, Hazara, 
reached a height of 11 ft. and a girth of 4 in. at the base. Generally speaking, 
it may be said that tlie more vigorous coppice-shoots grow for some years at 
the rate of about 2 ft. per annum. 

2. Oloa glauduliJera, Wail, Vern. Gulili, gair, galdu, W. Him. 

A moderate-sized treo with a shady, broad, ronnded crown and a short 
bole. Wood harcl, durable. Indigenous in the outer Himalaj/a, up to 6,0(30 ft., 
usually in shacly ravines and along rivers and streams ; Mothronwala swamp, 
Dehra Dun. Gamble's specimens showed 12 to 33 rings per inch of radiu.s, 
or a mcan aiiuual girtih incremeut of 0-19 to 0-52 iu., which is slow. Brandis 
mentions a section of a tree forty-three years old, grown in the Botanic Gardens, 
Calcutta, which had 43 rings on a raclius of 10 in., giving a mean annual girth 
increment of 1-48 in., which shows that the growtli uncler favourable conditions 
may be fast. 

3. Olea dioiea, B«xb. Vern. Karamba, Mar. 

A moderate-sized tree of tlie eastern Himalaya, Duars, Assam, Clhttagong, 
Western Ghats, southwards to Travaucore, in moist forests, both cvergreen 
and cleciduous. Bourdillon says that in deciduous 1'orest in Travancore it does 
not attain more than 50 ft. in height, but in evergreen forest it reaches a height 
of 100 ft. and a diameter of 2| ft. He gives the rate of growth as G rings per 
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inch of radius, representiug a mean annual girth increment of 1-26 in. The 
woocl is of good quality, but is apparently not used. M. January to March ; 
fr. April to June, S. India (Bourdillon). 

4. Olea europaea, Linn. European olive, common ohve. 

A tree closely allied to 0. cuspidata, but the leaves are grey above and 
wliite beneath, the innorescence is denser, the fruit larger, and the branchlets 
in the ungrafted plant are spinescent. The olive is indigenous in Syria and 
is Iargely cultivated in the Mediterranean region and in certain valleys in tho 
Alps. Accordmg to Professor Raoul Blanchard * the distribution of the olive 
in the Erench Alps depends little on soil, latitude, or altitude, the deciding 
factor being exposure, for the tree must have shelter from north, north-west, 
and north-east winds, and will not tolerate any wind-swept situation ; the 
most favourable aspects in that region are southerly to easterly. 

The cultivation of the olive has been attempted from timo to time in 
India, and within recent years experimental cultivation has been carried on 
with some success in the Punjab by grafting on stocks of 0. cuspidata. 
Systematic ejcperiments were started in 1910-11 at Sakesar in the Shahpur 
district and Khairimurat in the Rawalpindi district, and some of the grafted 
trees commenced bearing fruit after four years. Experiments have also been 
carried out in Kashmir and in Baluchistan. In 1910 about 200 olive plants 
obtained from southern Frauce were planted in Baluchistan, and these fruited 
in 1916. Budding was carried out on stocks of wild olive (0. cuspidata), the 
latter being cut down to produce coppice-shoots, wliich were large enough for 
budding when throe years olcl. It was found that the best time to bud is 
about September. 

3. NYCTANTHES, Linn. 

Nyctanthes Arbor-tristis, Linn. Vern. Har, harsingar, karasli, siharu, 
Hiud. ; Harsiwj, Kan. ; Parijtak, Mar. ; Krishti, Tel. ; Seihpalu, Burm. 

A large shrub or small tree with drooping cpiadrangular branches and 
seabrous leaves. Bark grey or greenish white, rough. Comrnon in the sub- 
Himalayan tract, in the Siwalik hills and outer Himalaya up to 5,000 ft., 
from the Chenab to Nepal, Chota Nagpur, Ceutral India, Central Provinces, 
southward to the Godavari, Burma (rare). Often cultivated for its fragrant 
Aowers. Within its region this tree, often nothing more than a shrub, is 
important from its capacity for clothing dry steep liill-sides and rocky ground, 
where it is often gregarious, forming almost the only vegetation and serving 
to fix unstable or denuded slopes, where it spreads cphckly. It send3 out long 
stout lateral roots i'rom which are produced bushy suckers in abundance : it 
also reproduces reachly from seed. It stands a moderate amount of shacle, 
and is often found as an undergrowth in dry deciduous forests. It is not 
readily browsed, even by goats, aud thus succeeds in estabhshing itself even 
where there is graaing. It coppices readily, and gives good fuel. It is leaness 
in April-May. The fragrant Aowers, with orange-red corolla-tubes and white 
spreading lobes, appear from August to October, and the capsules ripen from 
November to Pebruary. 

1 La Gĕograidiie, Ootober and November 1910. 
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4. SCHREBERA, Roxb. 

Schrebcra swictenioidcSj Roxb. Vern. Mohha, ghant, Hind. ; Mogalinga, 
Tam. ; Makkam, mokkalapa, Tel. ; TMtswelwĕ, Burm. 

A moderate-sized deciduous tree with grey branclilets thickened at tlie 
uodes and oiaposite imparipinnate leaves. Bark grey, thin, scaly. Wood hard. 
close grained, used for house-posts, turning, &c. 

The tree is iound in rather dry mixed deciduous ibrests often on hilly 
ground, in the sub-Himalayan tract i'rom the Ramganga river eastwards, 
Chota Nagpur, Central India, Rajputana, tlie Central Provinces, and the 
Indian Peninsula generally ; Burma, in dry mixed forests. It is nok a gre- 
garious tree, but is found scattered m greater or less abundance in mixture 
with other species. 

The tree is leaness from Eebruary-March till April-May. T.he terminal 
cymose pauicles of yellowish brown howers appear with the young leaves from 
April to June, and the iruits ripen during the following cold season. The 
tree is easily recognized from its characteristic fruit, a pear-shaped, two-valved, 
two-celled, woody capsule about 2-2-5 in. long, with two to four large angular 
seeds in each cell. 

The tree stands a slight amount of shade. In the abnormal drought of 
1899 and 1900 in the Indian Peninsula it was only slightly affeoted, but it is 
somcwhat sensitive to frost. It produces root-suckers. 

Little is known regarding the rate of growth : a cross-section 2 :Et. 1. in. 
in girth in the silvicultural museum at Dehra Dun had 31 rings, giving a mean 
annual girth increment of 0-8 in. 

ORDER XXXIX. SALVADORACEAE 

SALVADORA, Linn. 

Si^ecies 1. S. oleoides, Dcne. ; 2. S. persica, Linn. 

1. SaWadora olcoides, Dcne. Vern. Wdn, vdn, jcil, Pimjab ; Kabhar, jlirir, 
Sind ; Pilu, Mar. 

A shrub or small tree with droopiug branchcs. evergreen or neaiiy so. 
Wood sometimes used for building, agricultural implements, &c. ; a poor fuel. 
The sweet fruit is caten, oiten dried. Thc tree is a useful one for clotliing 
desert tracts : it givcs a dense shade which is welcomed Ijy cattle iu the heat 
of the day. This is a common species in the arid desert traets of the Pimjab 
and Sind, and occurs to some extent in Rajputana. In the Jaipur State it 
is common. It is gregarious, and is frequently associated with Cap2Mris 
aphylla, Proso'pis spicigera, Tamarix articulata, and sometimes with Sahadora 
persica. In the trans-Inclus hills it ascends to 3,000 ft., and in the Salt Range 
to 2,400 ft. (Brandis). It secms to thrive where the rainiall is below 25 in., 
becoming scarcer where it is higher. It is capable of thriving on saline soils, 
where, however, it is stunted. 

It coppices fahiy well, and regenerates freely by root-suckers and to some 
extent by natural layers. A dense, almost impeaetrable growth is ofte.n iormed 
by a parent stem surrounded bj' a ring of root-suckers, while seedlings also 
spring up under its shade. The new leaves appear about April. The small 
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greenish white nowers appear in March-April ancl the fruits ripen about Juue : 
the fruit is a yellow berry 0-2 in. in diameter. The seeds are spread by birds, 
and seedlings inay be found under bushes of Oapparis aphyllu or sometimes 
epiphytically on Tamarix and other trees. The tree suffers little from grazing 
except where it is very heavy ; it is often lopped for camel and goat fodder. 
It suffers considerably from frost. 

2. SaIvadora persica, Linn. Syn. 8. indica, Wight ; S. WigUiana, Planch. 
Tooth-brush tree, mustard tree (of Scripture). Vern. Kubbar, piln, Sincl ; Jdl, 
jhdl, Rajputana ; Khahhin, Mar. ; Glmnia, Tel. ; Opa, Tam. 

A small evergreen tree with drooping branches, sometimes attaining 30 
to 40 ft. in height, with a short, often nuted stem. The Ieaves anci fruits are 
pungent. Wood soft, white, little used. A tree of the dry and arid regions 
of India, with a wider distribution than the last : Baluchistan, Sind, trans- 
Indus, Punjab, Rajputana, Ganges valley round Delhi and Agra, the Circars, 
Guzerat, the Konkaii, North Kanara, and the Deecan. It is often found on 
saline soil, and in the Peninsula on black cotton soil. In North Kanara it 
grows on the sea-coast above high-water mark in thickets Avith Clerodendron 
inerme, Zizyphus Oenoplia, Z. Jujjuba, and.other species (Talbot). In the 
Thana district it is found along ticlal creeks with Aegiceras and Avicennia 
(Ryan). It grows readily from seed and coppices well (Brandis). In the 
Punjab the seed ripens in June. For planting purposes seedlings ought usually 
to be kept in the nursery for three years. Coppice-shoots in the Abdulla 
Kheli forest, Baluchistau, measured in 1912-13, reached a height of 16 ft. in 
five years. 

ORDER XL. APOCYNAGEAE 

This large order contains oue or two trees ancl shrubs of interest in Inclian 
forestry, as well as a large number of climbers, some iioxious, some omamental. 
Most of the species have milky juice, and some are producers of caoutohouc. 
Attention was drawn some years ago to the possibilities as a rubber-producing 
plant of the Burmese climber Urceola esculenta, Benth. (syn. Ohavannesia 
esculenta, DC), but experiments have shown that the quantity of rubber 
yielded does not pay for the labour of obtaining it. Ohonemorpha macrophylla, 
G. Don, a widely distributed chmber of the moist forests of India, yields 
a form of caoutchouc, but is not exploited. Parameria glandulifera, Benth. 
(vern. Talaingsok, Burm.), a large climber of the coasts of Tenasserim and the 
Andamans, is said to yield caoutchouo of good cmality. Of non-Indian rubber- 
producing plants the best known are species of Landolphia and Kichocia and 
Euntumia elastica, Stapf. 

Among familiar climbers of the forest and waste lands may be mentioned 
Vallaris Heynei, Spreng., and Ichnocarpus jrulescens, R. Br. A strikingly 
handsome climber, which is frequently grown in gardens, and produces masses 
of large bell-shaped nowers, is Beaumontia grandijiora, Wall., a native of the 
eastern Himalaya, Sylhet, and Chittagong. It grows rapidly and is easily 
propagated from seed, cuttings, or layers. 

Genera 1. Holarrhena, R. Br. ; 2. Alstonia, K. Br. ; 3. Wrightia, 
R. Br. ; 4. Carissa, Linn. * 
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1. HOLARRHENA, R. Brown. 

Holarrhena antidysenterica, Wall. Syn. H. Codaga, G. Don ; Ohone- 
morpha antidysenterica, G. Don. Vern. DudU, lcarra, kura, kachri, Hincl. ; 
Kuda, Mar. ; Kodaga, Mar. ; Lettokgyi, Burm. (Fig. 253.) 

A small deciduous tree with opposite entire leaves. Bark grcyish brown, 
scaly. Wood white, soft, even grained, used for carving into picture-frames, 
domestic utensils, and fancy articles of various kinds. The bark and seeds 
{indarjau, Hind.) are used medicinally. The tree is of interest and importance 
in Indian forestry from its great abundance and wide distribution, in which 
respect it is a useful accessory species in clothing the ground and acting as 
a nurse to more valuable species : the tree is important for reclothing waste 
lands. 

Distribution and habitat. Widely distributed throughout India and 
Burma in deciduous forests and open waste lands, where it is often gregarious. 
It ascends the outer Himalayan valleys to 4,000 ft., and is abundant in the 
sal and mixed deciduous forests of the sub-Himalayan tract, being one of the. 
component species of the mixecl type of forest representing the transitiou 
stage between the riverain forests of Acacia Catechu, and Dalbergia Sinsoo and 
the sal forests on older and more elevated land. It is also a common species 
in tlie mixed deciduous forest of the dry bhabar tract skirting the base of the 
outer hills. It is common throughout the greater part of the Iiidian Penlnsula, 
down to Malabar and Travancore. 

In Burnia it is fairly common in dry open mixed tbrests, often on laterite, 
and iu indaing (dry dipterocarp) forest. It reaches the dry zone of Burma, 
but is probably abscnt from the drier parts of that zone. 

Within its habitat the absolute maximnm shade teni])erature varies from 
105° to 11S° F., the absolute minimum from 30° to 55° F., anci the normal 
rahrMl from 30 to 150 in. 

Lbaf-shedding, jtloweeing, AN» feuitinc5. The leaves turn yellow 
about December-January and fall about January-February, the tree remaining 
leailess until the ncw leaves appear about April. The liowering period is 
somewhat variable : nowering inay commence as early as April, but usually 
takes place in May and June, sometimes continuing until July and August, 
when nowers may be found along with nearly full-sized unripe fruits. The 
white Uowers, wbich are arranged in terminal corymbose cyines, are very 
fragrant. Thc fruits are ]3airs of slender tbllicles 8-16 in. long : they develop 
rapidly after the nowering is over, and are full-sizcd by August to October, 
but do not ripen until Eebruary to Apr.il, when they dehisce on the tree, and 
the numerous seeds eacape. The seecls (Fig. 255, a) are 0-5-0-8 in. long, linear, 
light brown, with a thin, somewhat brittle, closely adhering testa, and crowned 
at one end with a coma of palo brown silky hairs 1-5-2 in. long, with the aid 
of which the seeds are distributecl to some distance by the wind : 900-1,000 
seeds weigh 1 oz., and there are usually about 25-30 in each follicle. Fresli 
seed has a high percentage of gormination, but a considerable proportion loses 
its vitality if kept for one year. 

Flowering and fruiting begin at an early stage in the life of the tree. 
A nursery-raised seedling at Dehra Dun, from seecl sown in May 1911, nowered 
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Fig. 253. Holarrhena aniidysenterica in fruit, Delira Dun, TJnited Provinces. 
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for the first time in May 1913 and bore numbers of good fruits in February- 
Mareh 1914. Uncler natural conditions, where the plants do not develop so 
vigorously, uowering does not take place so early, as has been obaerved in the 
case of plants grown under natural conditions at Dehra Dun ; in the forest, 
however, plants still in the condition of shrubs may often be observecl in 
Aower. 

Gbrmihation (Pig. 255, b-f). Epigeous. The radicle emerges from the 
encl of the seed : the hypocotyl arches slightly, soon straightening and carrying 
above ground the cotyledons with the testa usually enclosing their extremities. 
The cotyledons, Which are convolute in the seed, unroll themselves and expand, 
and the testa then falls to the ground, often adheriug for some time to one of 
them before falling. 

The seedling (Fig. 255). 

Boots : primary root moderately long, terete, tapering, wiry, white turn- 
ing yellow or light brown, pubescent : lateral roots numerous, moderately 
long, hbrous, pubescent, distributed down main root. Hypocotyl distinct 
froni root, 1-2-2 in. long, terete, tapering upwards, white turning green, 
minutely pubescent. Cotyledons : petiole less than 0-1 in. long, charnielled 
above, pubescent : laniina 0-9— 1-1 in. by 0-5-0-7 in., foliaceous, cordate, 
acutc, entire, bright green, glabroua, or slightly pubescent near the base on 
the under side, oonvolute in the secd, 5-veined from the base, the three central 
veins more prominent than the two lateral veins, subsidiary veins reticulate. 
tStein erect, terete, woody, pubescent ; internodes 0-5-1-3 in. long. Leaves 
simple, opposite, exstipulate. Petiole 0-15 in. long, channelled above. Laniina 
1-7-3-5 in. by O-G-l-3 in., ovate lanceolate, acute or acuminate, base acute 
and sliglitly decurrent, entire, glabrous, lateral veins 6-9 pairs. 

Under natural conditions the seedling grows somewhat slowly during the 
lirst season, as a rule reaching a height of about 4 to 6 in. by the end of the 
year ; in aubsequent years the growth is more rapid. Weeding and watering 
greatly stimulate growth. Seedlings are irost-tender and are also liable to be 
killed by drought during the firsfc season, mortality from the latter cause being 
considerable. Youug plants aro fairly liglit-demandiug, and suffer from sup- 
pression : they are sometimes liable to serious deibiiation by caterpillars. 
The leaves of seedlings fall from Deoember to Eebruary, new growth com- 
mencing in March (northern India). 

The following measurements in experimental plots at Dehra Dun give 
some indication of the rate of growth of young plants under ciiHerent con- 
ditions : 

Holarrhena antidysenterka : development of seedlings, Dehra Dim. 

Heiglit at end of season. 
Gonditioii under wliich grown. lat season. 2nd soason. 3rd season. 4th season. 

(i) Nursery plant, weeded and 1 ft. C in. ft. 6 in. 10 ft. 5 in. 13 £t. in. 

watored 

(2) Ti-anspIantsofflratrains,not Majrimum I ft. 6 in. Maxiimiin 3 ft. 2 in. 1 ft. 9in.-4ft. Oin. 
woeded or watered after trans- 

planting 

(3) Broadoast sowing, weeded, „ 0ft. 5 in. „ lft. 2 in. Moximum3ft.9in, 
not watered 

(4) Line sowiugs, weeded, not ,, 0ft. 7in. „ 1 ft. 6in. 
watered 

(5) Natural oonditiona (among „ 0ft. 4$iu. „ 1 f t. 7 in. 1 ft. 10 in. 5 ft. 5in. 
woeds) 




Fig. 255. Holarrhertaantidysenkrica. Seedling >: jj 
a, seed (without coina) ; l>-f, germination stagos ; y-i, deveIopment "of eeedliug to end of ilret 
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Silvicitltuhal charactehs. The tree stands a slight amount of shade, 
but develops best in full light. In the abnormal drought of 1907 and 1908 
in the forests of Oudh it proved to be decidedly hardy. It is sensitive to 
frost, but has good powers of recovery from the base when killed down, and 
may often be found in abundance persisting on grassy areas subject to severe 
frost. It is not readily browsed, even by goats. It coppices well, and shoots up 
readily after severe damage by fire. It produces root-suckers in abundauce. 

Natttral rerroductioh. Under natural conditions germination takes 
plaee during the rainy season, chieny at the beginning of that season. In 
their earlier stages many seedlings are destroyecl by drought, ancl frost often 
keeps the young growth back. Nevertheless this species regenerates with 
great freedom, owiug partly to its regular and abundant seediug from an early 
age, partly to its comparative immunity from damage by grazing, and partly 
to its power of recovery from injury of all kinds. In the open grass-Iands so 
common in sal ibrests it often appears in great abundance with nre-protection, 
and is a most useful nurse for the sal seedlings, which appear underneath it 
a.nd gradually make their way through it. 

Abtificial reprobuction. The tree can be raised arhiiieially without 
difficulty both by direct soAving and by transplanting from the nursery. 
Experiments at Dehra Dun have shown that great success can be attained 
by line sowings along witli field crops, provic!ed that a strip about 2 ft. wide 
is kept clear of field crops along the Hne, the crops being sown in the inter- 
vening spaces ; regular weeding along the lines is necessary during the nrst 
two or three years, and loosernng of the soil from time to time is advantageous ; 
as the seedlings are apt to form a clense line they should be thinned out 
periodically. 

ITor transplanting purposes seed should be sown in the nursery in March 
or early April : the seedlings ordinarily appear in two or three weeks, and 
are ready for transplanting in the tirst rainy season. 

Rate oe ghowth. High forest sample plots in the Unitecl Provinces 
show mean annual girth increments of 0-05, 0-12, 0-13, 0-14, 0-28, ancl 0-41 in., 
but these iigures are probably misleading, as they refer chieHy to sniall-sized 
trees in sal sample plots, and have evidently been tiioroughly suppressed, in 
the first four instances at all events. A cross-section from the Unitecl Provinces 
in the silvieultTiral museum at Dehra Dun had 60 rings for a girth of 3 ft. 6 in., 
giving a mean annual girth increment of 0-7 in. Gamble's specimens showed 
7 to 8 rings jaer inch of radius, giving a mean annual girth increment of 0-78 
to 0-9 in. 

Various coppice measurements have been recorded. Measurcments made 
in 1911 in Goncla, United Provinces, gave an average lieight of 5-1 ft. as against 
4-7 ft. for sal in a coupe one year old, and 6-8 and 5 ft. as against 10 and 7-6 ft. 
for sal in two coupes two years old. Measurements by Mr. A. F. Broun in 
1886 in a eoppice coupe nine years old near Dehra Dun gave an average height 
of 15-5 ft. as against 16 ft. for sal, and an average girth of 8 in. as against 
8-6 in. ior sal. 

Measurements made in 1910 by Mr. C. M. McCrie in coppice coupes in 
the Gorakhpur district, United Provinoes, gave the ibllowing results for 
Holarrhena as compared with sal : 
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Holarrhena antidysenlerica : measurements in coppice coupes, Gorakhpur. 
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2. ALSTONIA, R. Br. 

Alstonia scliolaris, E. Br. Vern. Satni, satian, Hincl.; Satwin, Mar.; 
Mudhol, Kan. ; Eda kula, Tel. ; Palai, Tam. ; Lettok, taungmeok, Burm. 
(Pig. 254.) 

A large evergrcen tree with a tall stem, often nuted and huttressed, 
whorled branches, and dark green shiny leaves in whorls of 4 to 10. Bark 
grey, yellow inside, exuding milky juice when cut. Wood soft, white, used 
for boxes, scabhards, writing-boards, &c. 

Scattered throughout the greater part of India and Burma where the 
rainfall is over 50 in., preferring fairly moist situations ; not in the dry regions. 
The tree is nowhere very abundant or gregarious. M, December to March ; 
fr. May to July. The Iruits consist of pairs of slencler ibllicles 1-2 ft. long, 
hanging in clusters, containing numerous densely ciliate seeds. 

The only measurement of the rate of growth available is one made in 
Gorakhpur, United Provinces, showing an average height of G ft. 8 in. for 
copjrice three years old. 

3. WRIGHTIA, E. Br. 

Species 1. W. lomentosa, Roem. and Sch. ; 2. W. tindoria, R. Br. 

1. Wrightia tomentosa, Roem. and Sch. Syn. W. mollissima, Wall. ; 
W . Wallichii, A. DC. Vern. Dudhi, Jceor, darbela, Hind. ; Kala indarjau, Mar. ; 
Tella pala, Tel. ; Pala, Tam. ; Leitokthein, Burm. 

A small decicluous tree with slender pubescent branches ancl opposite 
distichous sottly tomentose leaves. Bark grey, corky, exuding a yellowish 
white latex when cut. Wood white, moderately harcl, even-grained, used for 
turning, earving, domestic utensils, &c. 

DiSTEiBUTioN and habitat. Distributecl througliout the greater part of 
India and founcl in various parts of Burma, but not so common or so gregarious 
as Holarrhena antidysenberica. In the sub-Himalayan tract it is rare west of 
the Beas ; it ascends the outer valleysto 4,000 ft., and extends eastward to 
Assam. It is common on the boulder cleposits of the dry bliabar formation 
sldrting the base of thc outer hills. In Chota Nagpur and the Central Provinces 
it is somewhat local and nowhere abundant, ancl throughout the Peninsula 
generally it is distrihuted more or less locally. It occurs commonly in rather 
open mixed cleciduous forests, and also in sal forest. In Burma it is fairly 
common in mixed deoiduous forests of the upper and lower types. 

Within its habitat the absolute maximum shade temperature varies from 
105° to 118° ]?., the absolute minimum from 30° to 55° F., and the normal 
rainlall from 35 to 150 in. 
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Leae-shedding, plowbb-ing, ahd ertjiting. The leaves fall during 
January and early February, and the trees are leaAess during February, 
March, and part of April, the new leaves appearing in April-May. The 
yellowish white nowers, with red coronal scales, in corymbose cymes, appear 
from April to June. The fruit consists of two connate many-seeded follicles 
joined into a single pendulous grooved cylindrical pod 6-12 in. long and 0-5- 
0-7 in. thick, rough with white specks ; the follicles separate before dehiscing. 
The fruits are usually full-sized by August, but do not ripen and dehisce until 
from January to March or even April. The seeds (Fig. 256, a) are 0-5-0-7 in. 
long, linear, light yellowish grey, crowned with a tuft of white silky hairs by 
the aid of which they are disseminated by the wind : about 1,500-1,700 seeds 
weigh 1 oz. Fresh seeds have a bigh percentage of fertility, but if kept for 
a year they lose their vitality. 

Germination (Fig. 256, b-e). Epigeous. The radicle emerges from the 
end of the seed and the hypocotyl elongates, carrying above ground the 
cotyledons enclosed in the testa. The cotyledons, which are convolute in the 
seed, unroll theniselves and expand, and tlie testa then falls to the ground, 
or clings to the edge of one cotyledon for some little time before falling. 

The seedllng (Fig. 256). 

Roots : primary long, terete, wiry, flexuose : lateral robts numerous, 
hbrous, distributed down main root. Hypocotyl distinct from root, terete, 
tapering slightly upwards, tinely pubescent. Gotyledons : petiole 0-1 in. long, 
tlattened above, nnely pubescent : lamina 0-6-0-8 in. by 0-5-0-7 in., foliaceous, 
slightly neshy, cordate, acute, entire, green, glabrous above, minutely pubescent 
beneath, convolute in the seed. Stem erect, terete, tomentose ; internodes 
0-4-0-8 in. long. Leaves on main stem opposite, sub-opposite or alternate, 
exstipulate. Petiole up to 0-1 in. long, nnely tomentose. Lamina 0-8-2-5 in. 
by 0-5-0-8 in., ovate- or elliptical-lanceolate, acuminate, entire, hnely tomeutose 
on both surfaces, lateral veins 5-10, pairs, 

Under natural conditions the growth of the seedling during the lirst season 
is moderate, a height of about 3-10 in. being attained : subsecmently the 
growth is more rapid provided it is not interiered witli by weeds, which exercise 
an adverse inAuence on the development of the young plant. Weeding and 
watering stimulate rapid growth from the commencement, seedlings regularly 
weeded and watered at Dehra Dun having reached a height of as much as 
3 ft. 5 in. to 3 ft. 10 in. by the end of the nrst season. These vigorous plants, 
whose further growth is recorded below, produced Aowers, from which uo 
fruits developed, at the end of the second season, while at the end of the third 
season Aowers were produced which resulted in the formation of fertile 
fruits. 

The seedhngs are decidedly sensitive to frost, but though hable to be 
killed back they have good power of recovery. In northern India the season's 
growth ceases about October-November, new growth starting in March-April ; 
the leaves eommence falling in October-November aud the seedhngs are leaness 
from December to March. 

The folIowing measuremeuts in experimental plots at Dehra Dun give 
some indication of the rate of growth of youug plants and the beneiicial effect 
of weeding : 
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Fig. 256. Wrightia tommtosa. Soedling x f . 
a, seed (without coma) ; b-e, germination atages ; f-h, dovolopment of seodIhig"during lirat aoason, 
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Wrightia tommtosa : clevelopment of seedlings, Dehra Dun. 

Height at encl o£ season. 
Condition under which grown. lst season. 2ndseason. 3rd season, 4th season. 

(l)Tranaplants,notweededor Maximum ft. 11 in. ft. 9 in.-2 ft. in. 1 ft. 2in.-2ft. 8 in. 

watered 
(2) Broadcast sowings, not ft. 2 in.-O it. 4 in. Masimuni ft. 7 in. Maximuui 1 ffc. 9 in. 

weeded or watered (Growth much impeded by grass and weeds) 

( 3)Broadoastsowings,weeded, Masimutn ft, 11 in. Maximum 2 ft. 10 ia ft. 5 in.-O ffc. in. 
not watered (Seedlings erowded, the larger auppreasing tUe smaller) 

(1) Nurserysowmgs,regularly 3 ft. 5in.-3ft. lOin. 8ft. 6in.-flft.0in. 12ft.5in.-12ft. 9 in. Maxiniuni 15 ft. 
weeded and watered in. 

Silvictjltueal charactees. The tree is a moderate light-demander, and 
is often found as an undergrowth speeies in open deckluous forest. In the 
abnormal drought of 1907 and 1908 in the forests of Oudh it proved to be 
fauiy hardy, though not so hardy aa Holarrhena. It coppices well, and has 
good power of reeovery from injury. Ifc is somewhat frost-tender. 

Natiteal eeprodhction. Under natural conditions germination takes 
place at diffei'ent times during the rainy season. Some mortality occurs 
among seedlings owing to drought during breaks in the rains. Eeproduction 
is most plentiful on clear loose ground free from weed-growth. 

Aetijicial kepboduction. Weeded liue sowings carried out as in the 
case of Holarrhena give good results. For transplanting purposes seed should 
be sown in tlie nursery about March or April : the seedHngs ordinarily appear 
above ground in three to four weeks, and may be transplanted during the first 
rainy season, but care is necessary during transplanting, otherwise they are 
hablc to die back or to be killed outright. 

Rate of growth. A cross-section in the silvicultural museum at Dohra 
Dun had 31 rings for a girth of 2 ft. 5 in., giving a mean annual girth increment 
of 0-94 in. Gamble's specimens gave an average of 8 rings per inch of radius, 
or a mean annual girth increment of 0-78 in. Measurements of one tree 
exteuding over a period of nine years in the Kishanpur working circle, South 
Kheri, United Provinces, gave.a mean annual girth increment of 04 in. for 
the period. 

2. Wrightia tinctoria, R. Br. Vern. Khirrii, dudhi, Hind. ; Kala kuda, 
Mar. ; Vepala, Kan, ; Tedlapal, repala, Tel. ; Nilapaki, Tam. 

A small deeiduous tree of the Indian Peninsula, extending northward to 
Rajputana and Banda. This is a common tree in the Deccan in open deciduous 
forests, often on trap ; it extends southward in considerable abundance to 
Travancore, and is found most commonly on dry sandy soil ancl on hiliy 
ground. It is also found in Burma. The new leaves and white Aowers appear 
from March to June and the fruit ripens in January-Pebruary. The fruit 
consists of a pair of slender folhcles cohering at the tips only. The tree stancls 
moderate shade, and is often found as an undergrowth species in deciduous 
forests. It produces root-suckers. The growth is slow to moderate. A cross- 
section in the silvicultural museum at Dehra Dun had 24 riiigs for a girth 
of 1 1 in., giving a mean annual girth increment of 0-46 in. Gamble's specimens 
gave 7 rings per inch of radius, or a mean annual girth increment of 0-9 in. 
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4. CARISSA, Linn. 



Species 1. 0. spinarum, A. DC. ; 2. C. Carandas, Linn. 

1. Carissa spinarum, A. DC. Syn. C. diffusa, Roxb. Vern. Karaunda, 
Hind. ; Kavali,K&\\.; Kalivi, Tel. ; Kan, Burm. 

An evergreen shrub with green branchlets and pairs of divaricate thorns 
at the nodes. The wood is hartl and close grained, and is used for turning, 
combs, &c. The leaves have shown promise as a tanning material. This 
gregarious sbrub is common in the drier forest tracts throughout India, 
ascending the outer Himalaya to 4,000 it. It is common in the scrub foresta 
of the dry zone of Burma. It springs up readily not only in open places but 
also as an undergrowth species, and is useful for clothing dry rocky ground. 
Although readily browsed by sheep and goats it persists in a remarkable 
manner ; bovine animals do not appear to be so partial to it. In some of 
the heavily grazed tracts of Oudhit forms a dense undergrowth, developing into 
a small tree high enough to enable cattle to wander underneath. In such 
places it is almost the only species which survives tlie heavy grazing and the 
trampling of the soil ; its dense shade kills out the grass and ruins the grazing. 

The small white star-like tlowers appear in the hot season, from April to 
Juue ; they are extrcmely iragrant, especially in the cvening. The fruits 
ripen in thc cold season ; they are dark purple, edible, sweetish juicy berries,. 
and are readily eaten by birds, which scatter the seeds. Under natural con- 
ditions the sceds ■ germinate during the rainy season ; with abnormal rain 
some may germinate as early as March, but in tliis case the seedlings usually 
die of drought in the subsequeut hot weather. The seedlings have good power 
of penetrating grass and weed-growth, but succumb to excessive damp. 

The growth of the seedling is slow, a height of about 2 to 3 in. being 
attained in tbe urst season, about 6 to 8 in. in the second season, and about 
10 to 13 in. in the third season. 

The shrub coppices well aud produces root-suckers frcely ; its power of 
spreading by root-suckers no doubt accounts in part for its persistence in 
spite of heavy grazing. It is irost-hardy, aud in the abnormal drought of 
1007 and 1908 in the forests of Oudh it proved decidedly drought-resistant. 
It stands inoderate shade. The growth is somewhat slow ; coppice-shoots 
ten years old near Dehra Dun had an average height and girth of 8 ft. and 
2 in. respcctively. Gamble's specimens showed 8 to 15 rings per inch of radius, 
giving a mcau annual girth incremont of 0-42 to 0-78 in. 

2. Carissa Caraiulas, Linn. Vern. Karaunda, Hind. 

This species resembles C. sjrinarum, but is usually a larger shrub or a small 
tree with larger leavcs aud iruits. It is frcquently cultivated. 

ORDER XLI. ASCLEPIADACEAE 

Tliis order is of interest mainly as containing a number of forest climbers, 
a few of some importance as nbre plants and several noxious to tree-growth. 
Among the best known are Cryptolepis Buchanani, Roem. and Sch., a very 
common elimber which in some forest tracts gives a good deal of tronble; 
Dregea volubilis, Benth., a very troublesome climber in the riverain forests of 
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Acacia Catechu and Dalbergia Sissoo in some parts of the sub-Himalayan 
tract (see Fig. 122), Marsclenia Roylei, Wight, and M. tenacissima, W. and A., 
which yield strong silky white iibres. The seeds of species of this order are 
scatterecl bywind, as they are usually winged ancl crowned with a dpiise coma. 
Genera 1. Cryptostegia, E. Br. ; 2. Calotrohs, R. Br. 

1. CRYPTOSTEGIA, E.Br. 

Cryptostegia grandiuora, R. Br. 

A large climber, probably a native of Madagasoar, often cultivated or 
run wild in India. It yields a fairly good quality of caoutchouc, and for some 
years past attempts have been made to cultivate it in the outer hills of the 
Punjab : although it has been found to grow tolerably well it suHers from 
excess both of lieat and of cold, the young shoots dying off , though new shoots 
are again sent out. It grows well in pure saud in Jaipur, Rajputana, with 
a rainfall of about 20 in., and is recommendeci for planting shifting sanda on 
the plains : transplanting should be carried out during the rainy season when 
the ground has been soaked with rain. 

2. CALOTROPIS, R. Br. 

Species 1. G. gigantea, R. Br. ; 2. G. procera, R.Br. 

1. Calotropis gigantea, R.Br., and 2. Calotropis procora, R. Br. 

Well-known and widely distributed shrubs with milky juice and leaves 
covered beneath with a white felty tomentum. They iurnish useful Sbres 
from the stem, and the hair of the seeds is used for sturHng cushions. Owing 
to their silky coma the sceds are carried to a considerable distance by the 
wiud, and the plants spring up readily ou open ground and waste places. 
C. procera in particular springs up in abundance on new sandy or gravelly 
alluvium in the beds of rivers and is a common foreruimer of riverain forests 
of Acacia Catechu and Dalbergia Sissoo. The tlowers and fruits appear at 
various times, but chiehy in the cold and hot seasons. 

ORDER XLTI. LOGANIACEAE 

Genera 1. Stiiychnos, Liim. ; 2. Eagraea, Thunb. 
1. STRYCHNOS, Linn. 

Species 1. S. Nux-vomica, Linn. ; 2. S. N%x-blanda, A. W. Hill; 3. S. 
potatorum, Linn. f. 

1. Stryclmos Nux-vomica 3 Linu, Strychnine, nux-vomica or snakewoocl 
tree. Vern. Kuchla, kajra, Hiud. ; Kar, Mar. ; Kasarkana, Kan. ; MusMi, 
Tel. ; Yetti, Tam. 

A moderate-sized or large handsome evergreen or deciduous tree with 
opposite smooth shining ieaves five-nerved from the base, the three central 
nervcs being prominent. Bark yellowish grey to blackish grey, thin, smooth, 
covered with minute tuborcles and containing chlorophyll tissue. The seeds 
of this trec are thc nux-vomica of commerce, and are of importance in yielding 
the alkaloids strychnine and brucine. They are largely collected for sale ; 

2M7.2 ' r. 
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fresh clean silvery seeds collected from the ripe fruits command a higher price 
than the dull-coloured seeds collected off the ground. 

Distribhtion and habitat. The Indian Peninsula northward to the 
Circars, Orissa, Raipur, South Chanda, and the Konkan. Common in southern 
India. Occasional in Chota Nagpur, but always near villages, and probably 
not indigenons (Haines). Gorakhpur forests in the United Provinces (Brandis). 
Dry region of Ceylon. 

In the Indian Peninsula it is common in many looalities in deciduous 
forests, usually of a moist typc. Talbot says that in Bombay it is very common 
in the moist monsoon forests of the Konkan and North Kanara, and abundant 
on laterite along the sea-coast in evergreen thorn scrub. In tho Central 
Provinces it occurs chiedy on deep alluvial soils in South Chand.a and on the 
quartzite plateau of the Laun range, Raipur (Haines). 

Within its habitat the absolute maximum shade tempemture vari.os 1'rom 
90° to 118° h\, the absolute minimum from 40° to 65° F., and the normal 
rainfall from 35 to 150 in. or more. 

Leap-shbdding, tjlowering, and iprhiting. In moist types of iorcst tlie 
tree is evergreen, but in dry types, for example on laterite, it loses its leaves 
for a short time in the hot season. The small greenish white ilowers appear 
from March to M!ay, and the fruits ripen in the cold and hot seasons from 
Decomber to June. The fruit is a berry about the size and colour of a small 
orange, with a rather hard coriaceous pericarp and a bittcr white pulp in 
whioh are a number of nearly circular ilat seeds. 

The seeds are poisonous, but the pulp and even tho seeds are eaten by 
langur monkcys. Gamble says : ' The pulp of the fruit, tliough containing 
al.so some poison, is eaten by the langur monkeys (Semnopithecus entellus, 
Blyth, and S. priamus, And.) and also by the Malabar pied hombill (A.nthra- 
coceros coronaius, Elliot), and perhaps by othor hornbills, parrots, and othor 
birds, but the seeds are probably always rejected or else passed undigested. 
But while the langur monkeys can apparently eat the fruit and oven 
tlie soeds without harm, other monkeys, as well as other animals and raan, 
canuot do so, though it is said that the uyiug fox can eat the pulp with 
impunity.' 

iSilvi.c[tltubal cnAEACT.EES. The tree is a shade-bearer, growing under 
a moderate canopy even in semi-evergreen types of forest. It produces root- 
suckers. It is immune from damage by browsing, as animals avoid it. 

Rate of c.rowth. Little is known regarding thc ratc of growth. A cross- 
scction, in the silvicnltural museum at Dehra Duu had 31 rings for a girth of 
2 ft. 3 in., giving a mean annual girth increment of 0-87 in. 

2. Stiycliuos Nux-blaii(la, A. W. Hill. Burmese strychnino trce. Vern. 
Kabaung, Burm. 

A moderate-sized evergreen or deciduous tree with opposite stnooth shining 
Ieaves five-nerved from the base, the three central nerves boing prominont. 
Bark yellowish grey to blackish grey, often Huted. 

Distbibhtioh and habitat. Burma, common in the upper and lower 
mixed deciduous forests, and often very plentiful in riioist semi-evergreeu 
iorest as a lower story beneath Dijpterocarpus alatus ancl other tall trees. It 
is alao eommon in indaing (dry dipterocarp) foreat on laterite, though here 
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Fig. 257. Stiycluws Niis-hluitdtt — Seedling x $ 
a -Seed b-g Germination stages h— Seedling early in second season 
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it is usually a small tree. It enters the dry zoue of Burma, but is not found 
in the driest parts, 

Leaf-shedding, tlowebing, and 3?E,TTiTiNe. As a rule the tree loses itg 
leaves for a short time in the hot season, though in moist localities it is ever- 
green. The small greenish wliite nowers appear in April-May ancl the fruits 
ripen in the cold season. The fruit is a berry about the size of a small orange, 
with a rather harcl coriaceous orange-coloured pericarp and a whitish pulp in 
which are a number of seeds. The seeds (Fig. 257, a) are 0-6-1 in. by 0-5-0-8 in., 
nearly circular, flat, light yellowish grey with a satiny lustre aud a soft felty 
testa ; about 250-350 weigh 1 lb. The seeds retain their vitality to some 
extent for a year ; in a test carried out at Dehra Dun 50 per cent. of seeds 
kept for one year germinated. As a rule the tree fruits well every year. 

Germination (Fig. 257, b~g). Epigeous. The radicle emerges from one 
end of the seed and descends rapidly, forming a thick yellowish white taproot. 
The hypo.cotyl subsequently elongates with little or no arching, carrying above 
groimcl the cotyledons onclosed in the testa, within which is a layer of albumen. 
The testa is pushed towards the tips of the cotyledons with their expansion, 
and usually adheres to tlie apex of one of them for some little time before 
rinally dropping to the ground. 

Tlij!! SGEDLING (Fig. 257). 

lioots : primary root long, thick, terete, only slightly tapering, yellowiah 
whito or light brown, at fh'st delicate in texture, afterwards woody ; lateral 
roots moderate in number to numerous, short, iibrous, distributed down main 
root; ilypocotyl distinct from l-oot, 2-2-3 in. long, terete, tapering slightly 
upwards, green, giabrous. Gotyledons sessile, 1-5-2-7 in. by 1-3-2-5 in., rolia- 
ceous, broadly ovate, acute or slightly acuminate, entire, green, glabrous, 
shiniug, promineutly 5-veined from the base. Stem erect, terete or slightly 
compressed, green, glabrous. Leaves simple, opposite. Petiole about 0-1 in. 
long. Lamina, lirst pair 1-2-1-5 in. by 1-1-3 in., broadly elliptical, acute, 
base rounded, entire, dark green, glabrous, shining ; subsequent leaves 3-3-5 in. 
by 1-4-1-7 in., elliptical, acuminate, base acute, clark green, glabrous, shining, 
proniinently 3-veined from the base, with an additional pair of intra-marginal 
veius. 

During the iirst season the growth of the seedhng above grouncl is slow, 
development being connned to little or nothing more than the expansion of 
the large greeu leafy cotyledona : a long rather thick taproot of somewhat 
dolicatc texture is rapiclly ibrmed, and may reach a length of 8 or 9 in. within 
a month of germination. During the seconcl season the growth of the seedliug 
is more rapicl. Seecllings are extremely sensitive to cold, and cannot exist if 
there is frost. 

Slwicultubal charactebs . The tree is a shade-bearer, growing up 
under a moclerate canopy in deciduous and even in moist semi-evergreen 
forest. It is sensitive to cold, and does not grow in localities snbject to frost. 

Natural repboduction. The seed germinates readily with heat and 
moisture, and natural reproduction is often abundant, its establishment being 
aicled by the immunity of the young plants from damage by browsing. The 
factors innuencing natui'al reproduction rectuire further study. 

Aetificial beproduction. Owing to the length and deHcacy of the 
young taproot transplanting requires great care, and the best method of 
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oarrying il out is to sow the seecls singly in long baskets or bamboo tubes 
and to transplant tbese bodily during tbe second rainy season. The young 
plants should be raised in frue porous soil and should be kept under moderate 
shade while iu the nursery. 

3. Strychnos potatorum,' Liun. f. Clearing-nut tree. Vern. Nirmali, 
Hiiid. ; Nivali,Ms,T.; Chili-gidda, Kan. ; Chilla, Tel. ; Tcttancottai, Tam. 

A small to moderate-sissed deciduous (or evergreen?) tree with a hutod 
stem, opposite coriaceous sliining leavos, and lenticillate branchlets swollen at 
the nodes. Bark thick, hlackish, corky, with decp vertical eracks. Unlike 
8. Nux-vomica this tree is not poisonous ; the seeds are used to clear muddy 
water by rubbiiig the iiisides of vcsscls with tliem, and tho pulp of the fruit 
is eaten. The wood is hard, close-grained, yellowish grey when seasoncd, with 
conspicuous white markings, used for earts, shafts, agrioultural implements, &c. 

The trec is common in many of the dry tleciduous lorests o:E the Indian 
Peniusula. lt is a shade-bearer, growing up well undor the canopy of dociduous 
forest. It is drought-resistant, having remained uuaAected in the severe 
clrought of 1899-1900 in the lndiau Peniusula. It procluoes root-suckcrs. 
The small wlhte Iragrant Ilowers, in axillary oymes, appear from Pobruary 
to May, and the fruits ripen from October to March. The fruit is a sub-globose 
berry 0-5-0-75 in. in diameter with a lirm periearp, black Avhcn ripe, with one 
or two sceds 04- -0-5 in. in diameter in a whitish pulp. The seedhng, hke that 
of: S. Nux-vom,ica, has a soft whitish dclicate taproot. 

2. FAGRAEA, Thunb. 

Glabrous evergreen trees or shrubs, somctimes scandent, oftcn epiphytic : 
seven known Indian species. 

Pagraea iragnins, Iloxb. Vevn. Anan, Burm. 

A moderatc-sized handsomo evergi.'een trce, usually less than 6 ft. in 
girtli ; bark 0-2-0-5 iu. thick, grcy to brown, with deeu longitucliual cracks. 
Wood light brown, hard, very cl.urable, saitl to witlistand tercdo, useci. for 
bridge and whari' piles, builtliug, &c. Apart froin tlie value of its timber the 
ti'ec is usctul. for ailoresting low-lying grassy tracts, aud its handsome appear- 
ance makes it well widtetl. as an oniamoutal shade tree. 

The tree is very common in indaing (dry dipteroearp) forests of Tonasserim 
from Mouhnein southwards, being particularly abundaut in tho Pi.einze basin 
of South Teuasseriin, where there are said to be 200,000 tons avaiiablo in 
leugths u|> to 00 ft.' L It is lountl in thc Andamans, and is eommou iii the 
Malay Peninsula (vcrn. Ternhmu), whore Mr. A. M. Burn-Murdoch - uotes 
regarding it : ' The tree is witlely distributecl and will grow well in o]>en plaoes 
ancl cveu in lalang grass, being seldom met with in big forests. It grows easi.ly 
from seed and is a fast grower. It iss especially plentif.nl in parts of the Kuala 
Pilah district, also in Province Wellesley aiicl Malaeca, while there is au almost 
pure forcst of this species on tbe east coast of Pahang, north of Kuaiitan 
near Baloli. There is a large plantatiou at Kuala Lumpur.' Mr. H. C. "H.ill '•'• 

1 Ind. JA.>resti!r, xxv (1800), ]>. -110. 

4 Troca iind Tiinbora o{ tho Mtilay PeiiinHula, Part 11, p. 3. 

;i lloports on Forest Gonsorviinoy iu tiio iStraits ■iSottlomeutn and l^oderatod Malay States, 1000. 
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says that in tlie Malay Peninsiila it is very largely gregarious, coming up 
freely on grassy blanks and being easily propagated. 

The fruit, a recl berry about the size of a pea, ripens in Tenasserim about 
September-October. The seecls are minute. 

ORDER XLIII. BORAGINACEAE 

Genera 1. Cordia, Linn. ; 2. Ehretia, Linn. 

1. CORDIA, Linn. 

This gentts eomprises about fifteen Indian trees and shrubs, somo \vith 
very oruamental wood suitable for cabinet worlt. Some of these species deserve 
more stucly than they have yet received. 

Species 1. 0. Myxa, Linn. ; 2. G. vestita, Hook. f . and Thoms. ; 3. G. Bothii, 
Roem. ancl. Sch. ; 4. G. Macleodii, Hook. f. and Thoms. 

1. Corilia Myxa, Linn. Syn. C. obligua, Willd. Vern. Lasora, bJiolcar, 
horla, Hind. ; Bulial, boliari, Beng. ; Bliokar, shelu, Mar. ; Clialle, Kan. ; IriJei, 
Tel. ; Vidi, Tam. ; TJmnat, Burm. 

A small or moderate-sized deciduous tree with variable orbicular, elhptical, 
oblong, or obovate coriaceous glabrous leaves, and often drooping branches. 
Bark greyish brown, smootb or iongitudinally wrinkled. Wood moderately 
hard, not dtirable, nsed for boat-building, well-curbs, gtm-stoeks, &c. ; a good 
fuel. The bast hbre is usecl for cordage. The leaves are used in Burma for 
cheroot-wrappers, and the tree is frequently grown rouud Bttrmese villages 
and pollarded for the production of leaves. Its mucilaginous fruits are eaten. 

Distribtjtion AND habitat. Tliroughout Iuclia, Burma, and Ceylon, 
ascending in Himalayan valleys to 3,000 ft. It is not a gregariotis tree, but 
is widely distributed, preJorring moist shady ravines and the sides of valleys. 
It is found in a great variety of localities, from the dry forests of Sind and 
Rajputana to the moist deeiduous forests of Burma ancl western Incha, and is 
often cultivated. In Burma it enters the tidal forests (Kurz). Within ita 
habitat in India the absolute maximum shade teinperature varies from 95° to 
120° ]?., the absolute minimum from uncler 30° to over 60° F., aud the normal 
rahdall from under 10 in. to 120 in. or more, though in the driest regions it 
exists by the aid of river wator. 

LiSAT?-SHEDDrNG, elowering, AND truiting. The tree is lealless ±'or 
a sliort time in the hot season. The small white polygamous Aowers in loose 
corymbose cymes appear from Mardi to May. The fruits ripen from June to 
August, some remaining on the tree through Septcmber (northern India). The 
1'rtiit is a yellow or pinkisk yellow shiny giobose or ovoid drttpo 0-5-1 in. long 
seated on the saucer-hke enlargecl calyx, and containing a hard one- or two- 
celled stone (Eig. 258, a) a\ a viscid edible pulp : the fruits turn black on 
ripening. About 120-160 stones weigh 1 oz. The trees are a strildng sight 
wlren covered with the yellow fruits, wliich are eagerly eaten by monkeys and 
birds. Bottrdillon (Travancore) says the fruits ripen from February to May, 
and Kttrz (Burma) says March to AprtL 

So far as tests carried ottt at Dehra Dun show, the seed has a rather 
low percentage of fertility, possibly owing to the fact that the stones are often 
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bored into and the seed destroyed by' insects. It retains its vitality to some 
extent if kept for a year. 

Germination (Ĕig. 258, b-f). Epigeous, resembling that of Tectona grandis 
and Gmelina arborea, The fruit-stone opens by the splitting oil' of one or two 
valves on the side, according to the number of cells aud seeds, and one or 
two seedlings may appear from one stone. The radicle emerges through tho 
crack thus formed, and the hypocotyl elongatcs with or without archiug, 
raising above ground the very characteristic fan-like plicate cotyledons, which 
cpiickly unfold ; the fragments of the fruit-stone remain on or under the 
ground. 

The seeuling (Fig. 25S). 

Boots : primary root moderately long, beooming thick and tongh in 
second season, terete, tapering : lateral roots numerous, moderately long, 
nbrous. Kyyocotyl distinct from root, 0-4-0-9 in. long, terete or slightly com- 
pressed, cylindrical or tapering slightly upwards, green, pubesccnt. Goiy- 
ledons : petiole 0-1-0-2 in. long, Sattened above, ptiboscent : lamina 0-4-0-6" in. 
by 0-6-1 in., foliaceous, reniform or sub-orbicular, broader tlian long, crenatc, 
green, glabrous, palmately 5-veined, the veins promincntly branchecl in radiate 
form, the branches terminating in the hollows between tiie crcnatures, plioate 
along the veins, the folds persisting in fan-liko form when the cotylcdons 
expand. Ste?n erect, terete, pubescent. Leaves siiuple, alternate, exstipulate : 
petiole up to 0-2 in. long : lamina 0-8-5 in. by 0-4-4 in., elliptical or obovate, 
acute, mucronate, base acute, serrate, glabrous or somctimes slightly puboscent 
near the base on the under surface. 

The growth of the seedling during the lirst scason is slow, a height of 
2-4 in. being attained by the end of the weason even. under favourable con- 
tlitions. In the second season the growth is much laster ; plauts raised in 
the nursery at Dehra Dun and rogularly weecled ancl. watered attained a height 
of 4-| ft. by the end pf the secoiid season. The young plant has a decidedly 
branching habit. 'Regular weecling and watcring have a markecl elTect on 
development. Young plants are frost~liardy, but if exposed to a hot sun they 
aro apt to clie of drought under natural conditions. 

SiLiaotJLTURAL Chauaotees. Tlic trec standw modcratc shade. In somc 
localities in wliich it occurs it stands Trost well, but in iho Changa Manga 
plantationit suiTers bacliy. Tn the abnormal clrought of 1907 and 1908 inthe 
iorests of Oudh it provecl to be decidedly drought-resistaiit. It coppiccs and 
pollards w r ell, and has good power of reoovery from injury. 

Natueal eepboduutiom. ATthougJi tho fruit does not ripen until thc 
early part of the rainy scason the sccds germinate during thc rainy seasou in 
wliich they fall. Mauy, howcver, lie ungerminatecl, and of these a considerable 
proportion are destroyed by insects, which bore through the fruit-stones and 
eat the seeds. A certain number lie apparently in goocl condition until thc 
iollowing rainy season, but whether or not they germinate then lias not bcen 
determined. As alreaciy mentioned, thc seeds are disseminated by monkeys 
and bircls, but many fruits fall around the trees ; tho.ileshy portion soon rots 
oil and germinating seedlings, with tlieir characteristic plicate cotyledons, may 
oiten be found during the rainy seasou. These seedlings, however, will be 
found to die off through drought aftcr the rains unless they are in a com- 
paratively moist and shady situation. 










Fig. 258. Gordia Myxa. Seedling, \. 
a, fruifc atone ; &-/, germination stages ; g, h, early developmeiit of Eeodling. 
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Autietcial reproduction . The f ruit-stones should be sown in the nursery 
when tbe fruit ripens, ahout June-July, covered with earth and regularly 
watered. The seedlings begin to appear in about three to four weeks, but may 
contimie to appear for three or four months : they should be regularly weeded 
and watered, and will be ready for transplantmg during the following rainy 
season. Transplanting does not give much trouble, but it is preferable to 
prune down the stem to about 1 in. from ground-level and to trim off the 
xoots to a small extent. 

Ratb 0¥ growth. Tlie annual rings are sometimes but not always 
distinct. A cross-section in the sihdcultural museum at Dehra Dun showed 
51 rings for a girth of 3 ft. 9 in., representing a mean annual girth increment 
of 0'88 in. Brandis gives 3 to 9 rings per inch of radius, representing a raean 
annual girth increment of 0-7 to 2-1 in. Of specimens examined by Gamble 
only two showed distinct rings, of which there were 1 to 2 per inch of radius, 
representing a mean annual girth iucrement of 3-14 to 6-28 in., which is 
extremely fast. 

The following measurements in eoppice coupes at Bullawala near Dehra 
Dun, rccorded by Mr. A. ~F. Broun in 1886, show the rate of growth of Cordia 
as compared with sal coppioe : 

Cordia Mycca : coppice measurements, Bullawala, Dehra Dun. 
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2. Oordia vestita, Hook. f . and Thoms. Vern. Kumbi, Icum, Icum-paiman, 
bairola, latora, Hind. 

A sraall deeiduous tree with rougli eoriaceous leaves and a somewhat 
crookod bole. Bark greenish grey, smooth, with occasional deep widely 
separated longitudinal cracks, exfoliating iu largo woody scales. Wood hard, 
brown, streakecl or mottled, very handsome, and suitable for ornamental 
iurriiture. 

Distribu'jton and HABiTAT. Sub-Himalayan tract from the Jhelum to 
the Sarda, rather scattered and nowliere very common. It is often found on 
somewhat dry hill-sicles in mixed decicluous forest, as in the Siwalik hills and 
the outer Himalaya, where it ascends to 4,000 ft. It is also met with on open 
grass-lands ancl in sal forest. 

Leab-shekding, floweutno, ANi> ebuitisg. The tree is leailess for 
a short time in the early part of the hot season, the new leaves appearing 
about April-May. The small yellowish wlrite tiowers appear from February 
to April and the fruits ripen in June-July. The fruit is a yellow lleshy pointed 
drupe about 0-5-0-7 in. long, resting in. the enlarged saucer-like calyx. The 
pulp is sweetish and edible ; it is eaten by birds, which scatter the hard fruit- 
stones (Fig. 259, a). About 80-90 fruit-stones weigh 1 oz. Eresh seecl. tested 
at Dehra Dun gave 50 per cent. of fertility, and seed from the same sample 
kept for a year gave 43 per cent. 



\JitfS».. 



■ i' 






Fig. 259. Cunlici vcdita — Sisijdung x : h 
a— Fruit stone, showing valve b - e -Germination stages f - i— Development of seedling during (irsi season 
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Geemination (Fig. 259, b-e). Epigeons, resembling that of G. Myxa. 
The putamen splits open by the opening of a valve on one side of the stone, 
and tlirough the crack thus formed the radicle descencls and the charaoteristic 
fan-like plicate cotyledons, on long stalks, push their way npwards ; the 
segments of the putamen remain in or on the ground, or one piece is carried 
above ground over the folded cotyledons, falling to the gronnd with their 
expansion. The young shoot subsoquently appears from between the long 
eotyledonary petioles. 

THE SEEDLING (Mg. 259). 

Roots : primary root long, thick, terete, tapering, minutely tomentose : 
lateral roots moderate in nnmber and length, nbrous, minutely tomentose. 
Hypocotyl distinct from root, 0-1-0-2 in. long, thick, white or green, glabrous. 
Ootyledons : petiole 0-8-1-5 in. long, nattened above, sparsely covered with 
minute hairs : lamina 0-7-0-9 in. by 0-9-1-5 in., ioliaceous, reniform or sub- 
orbicular with a retuse base, broader than long, crenate, green, scabrous 
above, glabrous beneath, palmatcly 5-vei.ned, the veins prominently branched 
in radiate f orm, the branches terminating in the hollows between the crenatures, 
plicate along the veins, the f olcls persisting in fan-like form when the cotyledons 
expand. Stem erect, terete, stiiT, greenisli, pubescent : internodes 0-4-1-2 in. 
long. Leatm simple, alternate, exstipulate. Petiole 0-25-0-35 in. long, 
ohannelled above, pubescent. Lamina 1-4-7 by 0-6-5 in., ovate acuminate, 
basc acute or obtuse, serrate, dentato or entire, coriaceous, scabrous above, 
pubescent beneath. 

The growth of the seeclling during the lirst season is slow to moderate, 
but under favom"able conditions it is fairly rapid in subsecjuent seasons.. 
Weeding ancl loosening of the soil havc a markecl innuence on the growth, 
which is much retarded by the presenco of weeds ; watering has less eSect 
than weeding, The following measurements have been recorded in the case 
of scedlings raisecl nnder different conditions at Dehra Dun : 

Cordia vestita : developmei.it of seedlings, Dehra Dun. 

Height at ond of Heiison. 
Condition undsr wliicli grown. ^ ^^ ^ ^^ ^ sm _ ^ ^^ 

(1) In nursory ; wooded ancl 3-9 in. 3-0 ft. 
watorod 

(2) TKinsplanta of lirst season Maximum 7 in. Miurinuim 10-iin. 1 £t. 5 in.-l ft. 7 in. 
not sub.so((uently wonded 

or watered 
(3)BroadcastHo\vingf],weedecl Maximum 4 1 in. M.nximum 4 l't. in. G-12 ft. Masimum 14 it. 6 in. 

I)i! t not watured " (girfch 7 in.) 

Seedlings prodnce a taproot which is often long and stout, a length of as 
much as 20 in. Iiaving boon measured at tho end of the first season. The 
season's growtli ceases about November. The seedlings are leaness cluring 
January-lTebruary, and new growth starts in the encl of Eebruary or during 
March. Seedlings are sonsitive to 1'rost, and are often killed back, but have 
excellent powers of recovery. They are somewhat sensitive to drought. They 
stand moderate shade, and eveu recpiire it in a dry hot situation. 

Silvtcultitbal ohaeactebs. Tlie tree is a moderate shade-bearer. Al- 
though the secdlings are sensitive to frost thc tree is hardy, and may be found 
persisting on grassy blanks subject to rather severe frosts where only a limited 
number of species are capable of surviving, It coppices well. 
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Natubal eepeodtjction. Under natural conditions the seed begins to 
germinate as a .rule in August, and continues genninating throughout the 
rainy season. A certain proportion remains dormant for a year, germinating 
in the second rainy season. Seed which has becomc bnried germinates mueh 
more readily than that which is lying on the suiiace of the ground ; the latter 
usually fails to germinate at all. In dry soil exposed to the sun tlie seecUings 
tencl to die of drought in the dry season, and a certain amount of shade is 
necessary for their estabhshment. 

Artifioial iibpeoduotion. The seed should be sown in the nursery in 
June or July, covered with soil and watered. The seedlings ordinarily begin 
to appear above ground in about two weeks, and may bc transplanted during 
the first rainy season when about 3 to 4 in. high, though it is preferable to 
keep them in the nursery until the seconcl rains, sheltering them from frost 
cluring the winter. They should be regularly weeded, the soil being kept loose ; 
watering should be done sparingiy or not at all, but iu dry hot weather shading 
is benencial. When transplanting is done early in the second rainy season 
the size of the plants may nccessitate thc trinnning down of the roots to some 
extent ; in this case either the branches should be pruned oir or the whole 
plant should be pruned down to within about 2 in. from gi'ouud-level. 

3. Cordia Itothii, Roem. and Sch. Vern. Liar, Sind ; Gondi, gundi, 
Hincl. 

A small tree of the dry parts of north-west, central, and southern India, 
chieny in Rajputana, Sind, and the Decean. The woocl is hard, brown, hand- 
somely streaked, and suitable for ornamental work. Growth, according to 
Gamble, 10 rings per inch of radius, giving a mean annual girtli inerement 
of 0-63 in. 

4. Cordia Macleodii, Hook. f. and Thoms. Vern. Dhaiman, dkagan, Hincl. ; 
Dhaiwan, Mar. ; Hadang, Kan. ; Oodela, Ajmer. 

A moderate-sized tree of the Indian Peninsuia, Hajputana, Gentral India, 
Ohota Nagpur, ancl. Orissa, in dry clecicluous forcsts. This tree also has 
a handsome woocl suitable for cabinet work. 

2. EHRETIA, Liim. 

SiJecies 1. E. laevis, Roxb. ; 2. E. acuminata, R. Br. 

1. Ehrotia laevis, Eoxb. Syn. E. fioribunda, Benth.; E. aspera, Boxb. 
Vern. Chamror, koda, Hind. ; Datrany, Mar. ; Adah, Kan. ; Por/adi, Tel. ; 
Addula, Tam.; Gyaungbyu, Burm. 

A moderate-sized deciduous trce with an irregularly-shaped stem and 
smooth light grey to whitish bark, yeliow and soft inside. Woocl tough, used 
for agricultural implements, but as a rule little used except for fuol. 

This tree is common throughout the greater part of India in deciduous 
forests, extending into dry regions such as Sind, the trans-Indus hills, and 
Rajputana. It is very common in sal ibrests. It occurs also in Burma. 

The tree ia leatless during part of Eebruary-March. The masses of small 
white Aowers appear from Eebruary to April, and the bunches of orange-red 
berries, sometimes covering the tree, appear from March to June. Both in 
ilower and in fruit the trees are a conspicuous sight. 

The tree stands moderate shade. It is somewhat irost-tender, but in the 
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abnormal drought of 1907 and 1908 in the forests of Ondh it proved to be 
decideclly drought-resistant. It coppices well and produoes root-suckers. 

The rate of growth is slow to moderate. , Measurements in sal forest 
sample plots in the Siwahk forest division, United Provinees, showed mean 
annual girth increments of 0-01, 0-07, 0-30, 0-39, and 0^57 in. Some of these 
obviously refer to suppressed trees. A cross-section in the silvicultural museum 
at Dehra Dun showed 31 rings for a girth of 2 ft. 9 in., giving a mean annual 
girbh increment of 1-06 in. Gamble's specimens showed 5 to 8 rings pcr inch 
of radius, representing a mean annual girth increment of 0-78 to 1-26 in. 

Measurements made by Mr. C. M. McOrie in 1910 in coppicc coupes in tho 
Gorakhpur district, United Provinces, showed the following results for Ehretia 
laenis as compared with sal : 

Ehretia laevis : coppice measurements, Gorakhpur. 
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2. DliTGtia acuminata, R.Br. Syn. E. aerrata, Roxb. Vern. Putia, punia, 
Himl. ; Bual, Ass. ; .Petthin, Burm. 

A moderate-siued deciduous tree with grey longitudinally hssured bark. 
Wood moderately hard, used for building, agricultural implements, gun- 
stocks, &c. The leaves, plucked when quite young, are used for mixing witli 
tea to makc tho brick-tea exporbed from China to Tibet, where the warmth 
combinod with thc rich recl licpior produced by these leaves is said to be 
appreciated by the Tibetans. 

The tree is local, though fairly common, in parts of the sub-Himalayan 
tracb ancl outer Himalayan valleys, ascencling to 5,000 ft. ; it occurs also in 
the Duars, Assam, Khasi and Chittagong hilis, and Burma. In tho sub- 
Himalayan tract it is often found on boulder formations and on grass-lands. 

The trce is leadess in December-January, the new leaves appearing in 
February-March. The fragrant white llowers, in conical terminal panicles, 
appear in Mareh-April, and the fruit, a small drupe, ripens in November- 
December. 

The growth is moderate. A cro,ss-.section in tlie silvicultural museum at 
Dehra Duu showed 53 rings for a girth of 4 ft. 6 in., giving a mean annual 
girth increment of 1 -02 in. One specimen examined by Gamble showecl 7 rings 
per incli of radius, giving a mean annual girth increment of 0-9 in. 
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ORDER XLIV. BIGNONIACEAE 

An order containing nine Indian. genera of trees, shrubs, and climbers, 
many of which are remarkable for their handsome Aowers ; in addition there 
are several exotic species cultivated for ornamont. The order contains some 
forest trees of interest yielding fair timbers. Several of the species are remark- 
able for the profusion with which they send up root-suckers. 

Genera 1. Stereospermum, Cham. ; 2. Oroxylum, Vent. ; 3. Milling- 
tonia, Linn. f. ; 4. Teooma, Juss. 

1. STEREOSPEKMUM, Cham. 

This genus contains seven Indian species, a few of which are of some 
importance as accessory species. They are charactcrized, among other f eatures, 
by their long, more or less cylinclrical capsules containing a thick corky dis- 
sepiment hlling up most of the capsule, along which are arranged the numerous 
wingcd seeds. The various species require further study silviculturally. The 
production of root-suckers appears to be a general characteristic. 

Species 1.8. suaveolens, DC. ; 2. 8. chelonoides, DC. ; 3. 8. xylocarpum, 
Benth. and Hook. f . ; 4. 8. neuranthum, Kurz. 

1. Stereospermum suaveolens, DC. Syn. Bignonia suaveolens, Roxb. 
Vern. Padal, pandri, Hind.; Parul, Mar, ; Kywemagyokin, Burm. 

A large deciduous tree with large opposite imparipinnate leayes 1-2 ft. 
in length. Bark grey, exfoliating in large flat scales. Wood hard with a small 
yellowish brown handsomely mottled heartwood. Tlie tree is a common and 
important accessory species, particularly in sal forest. It is a useful tree for 
reclotliing bare hill-sides, as may be seen in the Siwalik Iiills, and for restocking 
grassy blanks subject to frost. 

DiSTKinuTiON and habttat. This tree is found throughout the groater 
part of India in mixed deciduous aucl. sal forests. It is common in the sub- 
Himalayan tract, ascending the outer hills to 4,000 ft., but is rare west of the 
Jumna. It occurs also in Rajputana, Cliota Nagpur, Central India, and in 
many other parts of the Indian Peninsula, chielly invalleys andonplateaux and 
plains. It is found in Upper ancl Lower Burma, and aecording to Kurz is not 
infrequent in the indaing ibrests of Martaban. It is probably much commoner 
in the sub-Himalayan tract than elsewhere, and is a constant companion of 
the sal ; it often tencls to become gregarious on clayey ground, but is by uo 
means conlined to such soil and is often, found in abundance on sandy and 
gravelly soils. It is frequently found on grassy savannah lands. In the Siwalik 
hills it is characteristic of the dry uppor slopcs and riclges on sandstone and 
conglomcrate, in somewhat stuntccl form, but reproducing freely, its chief 
companions being Anogeissus latifolict, Ougeinia dalbergioides, 8horea robusta, 
Buclianania latifolia, and Pinus longifolia. 

In its natural habitat tlie absolute maximum shade temperature varies 
from 103° to 118° E., the absolute minimum from 30° to 55° F., and the normal 
rainfall from 30 to 150 in. 

Lea3?-siteddihg, jlowering, and i?RUiT.raG. In northern India the leaves 
turn brown and fall in March-April ancl. the new leaves appear in May-June. 
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The fragrant iiowers. dull purple, yellow witliin, in visciclly hairy panicles, 
appear from April to June with or before the new leaves. The fruit becomes 
full-sized though still unripo early in tlie colcl season, but does not dehisce 
until about March to May. The fruit is a long cylinclrical two-yalved capsule 
15-24 in. long by 0-6-0-8 in. in diameter, dark grey with raised white specks, 
containing a corky cylindrical dissepunent along which, in notches, the seeds 
are arranged. When the trees are leaness the masses of long pendent capsules 
give them a curious dark grey appearance. The seed (Fig. 260, a) is pale 
yellowish brown, and consists of a central bony axis 0-3-0-4 in. long with 
a pair of light delicate papery wings, ono on either side of the axis, set some- 
what oblicpiely like an electric fan, the whole 1—1-5 in. broad. The capsules 
usually dehisce on the tree, the light winged seeds escaping and being carried 
some distance by the wind ; occasionally the capsules are blown down and 
dehisce on tho ground. Dehiscence is gradual, and the seecls may be seen ' 
escaping a few at a time. The empty capsules often remain many months on 
the tree. As far as tests at Dehra Dun show, the fertihty of the seed is not 
very high, aucl if kept for a year it loses its vitality almost entirely. The 
sceds are collected by plucking the capsules off the trees before they dehisce 
and placing them in tlie sun until they open. 

Gebmination (Mg. 260, b-e). Epigeous. The radicle emerges from one 
end of the bony ccntral axis of the seed ; the cotyledons, enclosed in the 
winged seed-coat, are pushed vertically upwards by the elongation of the 
hypocotyl, and the seecl-coat falls with the expansion of the cotyledons. 

Thb sbedling (Eig. 260). 

Roots : primary root long, at lirst thin and delicate, afterwards tJiick, 
lieshy, and yellowish brown : lateral roots numerous, nbrous, with noclules. 
Hypocotyl distinct from root, 0-6-0-9 in. long, terete, tapering slightly upwards, 
green or reddish turning light brown, tinely pubescent. Gotyledons ; petiole 
1-1-5 in. long, linely pubescent : lamiua 0-35-0-6 in. by 0-5-0-7 in., foliaceous, 
somewhat Ueshy, broadly ovate or orbicular, usually broader than long, retuse 
or eleft to about one-fourth the length, base truncate or sub-cordatc, cntire, 
minutely pubescent. Stem erect, terete, pubescent, with leaves crowded 
together ancl internodes up to 0-4 in. long. Leaves opposite, cxstipulate, at 
hrst several simplc, followecl usually by a pair of 3-foliate, iollowecl by 5- or 
7-foliate leaves ; sometim.es no compouncl leaves appear till second season. 
Simple leaves sub-sessile or with petiole up to 0-5 in. long, llattened above, 
tomentose : Ieaves at first small, about 0-7 by 0-3 in. or less, becommg suc- 
cessively larger, up to 3-5 in. by 1-7 iu. in tho nrst season, obovato, acute, base 
tapering, serratc, glabrous above, pubescent or glabrescent beneath, sub- 
coriaceous, young leaves sometimes purplish brpwn. 

Iu its oarly wtages the seedling has a strong suiierhcial resemblance to 
that of the teak, but is smooth instead of scabrous ancl is somewhat clarker 
in colour. Development is ordinarily slow during thc lirst few years, but 
growth is greatly stiinulatecL hy weeding. Young plants arc capable of 
strnggling well against weedS', but their development is much impeded thereby. 
The seecllings are drought-resistant and are fairly frost-hardy ; in frosty 
localities they are occasionally killed back, but have goocl power of recovery. 
The lcaves are somewhat brittlo, and in a heavy hailstorm which occurred at 
Dehra Dun in 1913 the leaves of seedlings were toru to pieces, surlering more 
than those ol most other species. The seedling produces a long and somewhat 







Fig. 26U. Mtereos<pwmiim suaveolans. Seedling x f ( . 
a, soed ; J-e, gorumiation Btages ; f~i, dovolopment of needling dumig Pirnt uaiiHon. 
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iragile taproot, which thiokens considerably in the second year. Growth 
ceases about October-November, the leaves often turning reddish brown in 
the winter ; new growth starts in April (northern India). The following 
measurements of seedlings grown under different conditions at Dehra Dun, iii 
each case in full sunlight, give some indication of the rate of growth and 
exhibit in a strildng manuer the boneSdal effects of weeding : 

Stereospemiwn suaveolms : rate of growth of seedlings under different 
conditions, Dehra Dun. 

Height at end oi seaaon. 
Conditionunderwhicligrown, ■ 

lst season. 2nd season. 3rd season. 4tu seusou, 

(1) In nuraery, watered and Miwimuin fls. 2J in. 
weeded 

(2) In nuraery, watered and Maximum ft. 7 in. 
weeded 

(3) Broadoast sowing, irri- Maximum Oft. 2^in. Maximum Oft. 5in. Oft, 2[- in.-O f t. 6in. 
gated, unweedod (donse grass and (dense grass Jincl 

weeds) weeds) 

(4) Broadcast sowing, unirri- Maximum ft. 3 in. Maximum 0ft. 5in. Masimum ft. 9 in. 
gated, unweeded (dense grass and (dense grass and 

woeds) waeds) 

(5) Broadoast sowing, unirri- Maxiramu ft. 3|in. Maximum 1 ft. 6in, ft. 7 in.-O ft. Oiu. Maxiimiui 11 ft, 
gated, woedod (vigorous) (larger plants (maxinium girth 

vigorous, sup- 6 iri. ; dominant 
pressing . the stems yigoruus, 
smaller onos) suppresaing tlio 

smaller ones) 

Silvi.oultu.ral characteks. The tree is a moderate light-demander. It 
resists flre well, and young planta have good power of reoovory when burnt 
back. It is not readily browsed by cattle or goats, but is not entirely immune 
from dainage by browsing. It is decidedly frost-harcly, and in the sub- 
Himalayan tract is often ono of the few trees capable of surviving on grassy 
blauks subject to frost : in the severe Irost of 1905 it escaped injury entirely 
in some localitios, but suiTered to some extent in others. In the abnormal 
drought of 1907 and 1908 in the lorests of Oudh it proved to be eonspicuously 
hardy. It produces suokers irom.Iateral roots, these roots being often of 
considerable thickuess. 

Natuiul reproduction. Under naliiiral conditions germination begim 
early i.n the rainy season and continues for some time during that seasou. 
Various circumstances favour the reproduction of this species ; the seed falls 
for the most part after the fire season, while the seedlings aro hardy, are not 
readily browsed, have good power of recovery from damage by fire or other 
injury, and persist well in a growth of grass and weeds if these are not oxces- 
sively dense. Natural reproduction of seedlings and suckers is often abundant 
in unpromising situations such as dry exposed lull-sicles. As in the.case of 
many specios with winged seeds, natural reproduction often springs up readily 
1 on land which has been ploughed up for cultivation. 

Artutictal reproduction. Weeded line sowings as well as transpknting , 
from the nursery can be carried out successtully. For nursery purposes fresh 
seed should be sown about April-May, preferably in light porous sandy soil, 
covered lightly and watered : the seedlings ordinarily begin to appear in about 
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two weeks and should be regularly weeded and somewhat sparingly watered. 
Transplanting with entire roots is diincult except during the iirst rainy season 
while the plants are still small, and even then care is necessaiy. Complete 
success has been attained at Dehra Dun by transplanting during thc second 
rainy season after pruning the stem down to about an inch from ground-level 
and trimming the roots down to a length of about 9 in. 

Rate os gbowth. The following results of girth measurements in high 
forest sample plots are available ; 

Stereospcrmum maveolens : rate of growth in high forest sample plots. 
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\ 2 
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The.se ilgures indicate a conipiira,tively slow rate of growth. A oross- 
section in the silvicultural museum at Dehra Dun showed 53 riugs for a girth 
of 5 ft., giving a, mean annual girth increment of 1-13 in. 

Coppice measurements inade in 1886 by Mr. A. F. Broun afc Bullawala 
near Dehra Duu gave tlie following results for Stereosjiermum suaveolens as 
compared with sai : 



Stereospermu/m suaveolens : coppiee measurements, Bullawaki, Dehra T)un. 
Moan hoight. Moan girth. 
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Measurcnients macle in 1910 by Mr. C. M. McCric iu coppice coupes in the 
Gorakhpur district, United Provinces, gave the f ollowing rcsults : 

Stereosj>ermum mwueolens : coppice measurements, Gorakhpur. 
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2. Stereospermum cholouoidos, DC. Vern. Padri, pader, para, Hind. ; 
Padal, Mar. ; Muharti, Kan. ; Padri, Tam. ; Thakutpo, Burm. 
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A large deciduous straight-stemmed tree, in unfavourable situations 
a small tree, with imparipinnate leaves clustered towards the ends of the 
branchlets. Bark grey to brown, fairly smooth. Wood hard, grey, used for 
building, furniture, tea-boxes, canoes, &c. 

Distribtjtion and habitat. Sub-Himalayan tract frora Oudh (Gonda 
forests, not common) eastward to Assam, common up to 2,000 ft. in the eastern 
Himalaya, Chittagong, throughout Burma in mixed deciduous forests, ascend- 
ing to 4,000 it. in the Shan hills ; the Indian Peninsula, ehierly on the \vestern 
side, rare in Chota Nagpur and Orissa, fairly common in yalleys in the Central 
Provinces, in Bombay chierly in the moist forests of the Konkan and Nbrth 
Kanara ; common in the deciduous forests of Travancore up to 4,000 ft. 
(Bourdillon). 

This tree does not extend to such clry regious as S. suaveolens. In its 
natural habitat the absolute maximum shade temperature varies from under 
100° to 115° ¥., the absolute minimum from 35° to over 60° F., and the normal 
rainfall from 40 to 150 in. 

Leae-sheddtng, elowering, and jruiting. The leaves are shed about 
Eebruary-March, the new leaves appearing in April. The fragrant dowers, 
yellow marked with red, in lax drooping panicles, appear before, with, or after 
the new leaves from April to June. The fruits ripen in the following cold 
season ; the time of their dehiscence has not been accurately recorded. The 
capsules are slender, 10-30 in. long by 0-25-0-5 in. in diameter, with a thick 
septum in the deep notches of which the seeds lie ; the seeds are wedge-shaped 
and winged, about 1-25 in. broad with the wings. 

Silviculttjral characters. The silvicultural characters of this tree 
require study. It produces root-suckers freely and coppices well. It is 
probably less hardy than 8. suaveolens. 

Rate oe growth. Gamble's specimens averaged 7 rings per inch of 
radius, giving a mean amiual girth increment of 0-9 in. 

3. Stereospermum xyloearpum, Benth. and Hook. f. Syn. Bignonia xylo- 
carpa, Roxb. ; Spathodea xylocarpa, T. And. Vern. Paral, C. P. ; Eharsing, 
Mar. ; Genasing, Kan. 

A moderate-sized to large deciduous tree with very large bi- or tripinnate 
leaves up to 4 ft. long. Bark light grey, fairly smooth, rlaky. Wood hard, 
toiigh, and elastic, with a small orange-brown heartwood, used for cart-shafts 
and cabinet work. 

This is a tree of the Indian Peninsula in deciduous forests of the Central 
Provinces, Bombay from Khandesh southwards, and Madras southwards to 
Travancore. It is leaness for a short time in the- hot season. The large 
iragrant white or pinkish nowers appear in April-May and the capsules ripen 
next hot season. The latter are conspicuous from their large size, being 
sometimes as much as 3 ft. in length, woocly and tubercled, with 
a central septum about 0'5 in. thick. The winged seeds are about 1-25 in. 
broad. 

The silviculture of this tree requires study. It is a light-clemander, though 
it stands some shade in youth : it produces root-suckers. Bourdillon gives 
the rate of growth as about 9 rings per inch of rachus, or a mean annual girth 
increment of 0-7 in. 

2307.2 A a 




Fig. 2131. Oroxtjlum indicum. Seedlingx|. 

a, winged seod ; b-e, germination Btagos (wing ol eeed almoat wholly removcd) ; J—h, dovelop- 

ment of soedling during firsfc aeason. 
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4. Stereosperamm ueurantmim, Kurz. Veru. Tliande, Burm. 

A deciduous tree of the mixed deciduous forests of Burma. It is fairly 
common both in the upper and in the lower mixed types. It produces root- 
suckers. The wood is hard and of very fair qualifcy. 

2. OROXYLUM, Vent. 

Oroxylum indicum, Vent. Syn. Calosanthes indica, Bl. Vern. Pharrdi, 
uttu, sawna, Hind. ; Tetu, Mar. ; Pana, Tam. ; Kyaungya, Burm. 

A small deciduous tree with few branches and Tery large opposite com- 
pound Ieaves 3-5 ft. Iong, tripinnate near the base, bipinnate in the centre, 
and once pinnate towards the apex : when leaAess the branches are easily 
recognized from the large opposite leaf-scars. Bark light greyish brown, soft. 
Wood yellowish white, soft, not used ; bark used for tanning and dyeing. 
The tree is a conspicuous one in the forests of India, especially when leaAess 
and bearing its large scabbard-like capsules. 

Distribt/tion and habitat. Throughout the greater part of India and 
Burma except in the driest regions, chierly in deciduous foresfcs, but sometimes 
scattered in evergreen forest, and often in ravines and other moist places ; 
also in the Andamans and Ceylon. In the sub-Himalayan tract it ascends to 
3,500 ft. ; it is rare west of the Jumna. 

Leab-shedding, plowertng, and erutting. The leaves usually turn 
a dark coppery brown in the cold season, falling from December to February ; 
the new leaves do not appear till May-June. The large ileshy purphsh but 
not handsome nowers, in stout terminal raeemes, appear from May to August ; 
the fruits develop rapidly, attaining full size by the beginning of the colcl season 
and dehiscing usually from February to May. The fruit is a large conspicuous 
two-valved flat woody capsule 1-3 ft. long and 2-3 '5 in. wide, containing 
a large number of seeds. The seeds (Fig. 261, a) are flat and are surrounded 
by a thin transparent white papery wing, the whole 2-2-7 in. across ; the 
testa is thin, delicate, and membraneous, enclosing a light green ilat embryo 
0-5 in. in diameter faintly visible from the outside. About 280-340 seecls 
weigh 1 oz. ; they are carried by wind to some distance from the tree. If 
carefully stored the seed retains its vitality for at least a year, a sample kept 
for a year and tested at Dehra Dun showing 95 per cent. of success. If exposed 
to moisture or other adverse conditions, however, the seed becomes rapidly 
spoiled. 

Gbrmination (Mg. 261, b-e). Epigeous. The soft dehcate testa, resem- 
bling a thin layer of pith and capable of absorbing and retaining moisture 
during germination, together with the membraneous wing, usually rots off in 
part or becomes partly washed off by rain during germination. The radicle 
emerges iirst, the hypocotyl then elongating and carrying above ground the . 
large leafy bind cotyledons, which soon expand, the remains of the testa being 
either left in or on the ground or carried up, droppiug with the expausion of 
the cotyledons. 

TlIB SEEDLING (Fig. 261). 

Roots : primary root long, thick, terete, tapering, whitish : lateral roots 
fairly numerous, iibrous, distributed do\vn main root- Eypocotyl distinet 
from root, 0-9-1-1 in, long, somewhat compressed, tapering slightly upwards, 

Aa 2 
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green, minutely pubescent. Gotyledons : petiole 0-2-0-25 in. long, channelled 
above, minutely pubescent : lamina 0-6-0-8 in. by 1-2-1-5 in., foliaceous, 
rnuch broader than Iong, deeply bifld, lobes reniform and sometimes partly 
overlapping each other, entire, minutely pubescent above, glabrous beneath ; 
each lobe with three principal veins from the base, subsidiary veins reticulate. 
Stem erect, slightly compressed ; glabrous or young parts minutely pubescent ; 
internodes up to 1 in. long in younger stages. Leams opposite, exstipulate, 
rirst few pairs simple, lollowed by one or more pairs of 3-foIiate leaves, and 
then by 5-foliaf,e leaves, which are nsually produced in the second season. 
Simple leaves with petiole 0-5-2 in. long, glabrous, channelled above : lamina 
2-4 in. by 1-3-2 in., ovate acuminate, entire or dentate, base often decurrent, 
glabrous, or veins on lower surface minutely pubescent ; venation arcnate 
retieulate, veins depressed on upper surface and prominent beneath. 

The growth of tlie seedling is slow to moderate, maximum heights of 
about G in., 1 ft., and 2| ft. being attained by the end of the first three seasons 
if uo weeding or watering is done, and nearly double these dimensions being 
attaiued if the plauts are weeded and watered. Young seedlings are sensitive 
to frost and to drought, many dying off in the hot season iii dry situations 
exposed to the sun ; they beiieht by moderate shade and moisture. The 
leaves of seedlings turn reddish, brown in the cold season, falling in December- 
January, after which the seedlings are leadess until March, when new growth 
comraeuces (northern India). 

Silvicul'jmjral oiiARAOTERS. The tree stands moderate but not heavy 
shade. Its root-system is. superncial, and it produces root-suckers in great 
profusion, these often forming a dense growth round the parent stem. 

Na'1'ural reproduction. Under natural conditions the seed germinates 
oarly in the rainy season. For successful reproduction a certain amount of 
shade and moisturo appears to be necessary in thc early stages, owing to the 
tendeney of the seedlings to die of dronght in hot exposecl situations. Other- 
wi.se seedlings have good power of making their way through a moderate 
growth of. grass ancl weeds. 

Arti:fioial reproduction. Nursery-raised seedlings ean be transplanted 
without dimculty cluring tlie flrst and second rainy seasons. The seed should 
be wown in the nursery in March or April, and lightly covei"cd with earth, the 
bods being regularly watered, slightly shaded, and protected from frost in 
winter. The tree may also be propagated by transplanting root-suckers. 

Rate oe growth. Gamblo's specimens gave 2\ to 4 rings per inch of 
radius, or a mean annual girth increment of 1-57 to 2-52 in., which is fast. 

3. MILLINGTONIA, Linn. f . 

Alilliug-touia liortensis, Linn. f. Syn. Bignonia suberosa, Roxb. Indian 
coi-k-ti-ee. Vern. Akcls nim, Hind. ; Kal malli, Tam. ; Kavulei, Tcl. ; Egayit, 
Biirin. 

A tall, handsome treo, with an elongated crown and large bipinnate, 
sometimes tripimiate leaves. Bark dark yellowish grey, corky. Wood soft, 
yellowish white, of very fair cpiality, suitable for tea-boxes and similar pur- 
poses. The tree is believed to be indigenous in Burma, and is largely cultivated 
for or)iament throughout Iudia. It is fast-growing, tall, and straight, ancl, as 
Gamble rightly suggests, it is well worth considering as a useful soft-wood for 



MILLINGTONIA 693 

plantation. purposes, though it does not appear to have been tried as such. 
In October-Noveniber (northern India) it is covered with drooping masses of 
yerj fragrant white to pale pink Aowers with long slender corolla-tubes, which 
perfume the air around. The fnvit, a nat linear capsule, about 1 ft. long 
with numerous delicately winged seecls, ripens towards the end of the hot 
seaaon ; seeds are rarely produced in northern India. 

The tree is decidedly hardy, and is not particular as to soil ; although it 
grows hest in a moist climate it does fairly well in dry situations, growing 
well in Lahore Cantonment without irrigation, which not many trees are capable 
of doing. It is, however, brittle and shallow-rooted, ancl is liable to be broken 
or uprooted by strong winds. It has a tendency to send up root-suckers in 
great profusion, which is a disadvantage in gardens. It is easily raised from 
seed when obtainable, from cuttings put down in the sjwing, or from root- 
suckers dug up and transplanted during the rainy season. Seed should be 
sown in the nursery as soon as it ripens, towards the end of the liot season, 
and the seedlings, which bear transplanting well, should be planted out a year 
later at the beginning of the rainy season. 

The growth is fast. Gamble's specimens gave four to five rings per inch 
of radius, representing a mean annual girth increment of 1-26 to 157 in, 

4. TEOOMA, Juss. 

Tccoma undulata, G. Don. Syn. Tecomelta unclulata, Seem. Vern. 
Lahura, Punj. ; Lolie.ro, Sind ; Bahtarohida, Mar. ; Mori, Bal. 

A shrub or small tree, nearly evergreen, with simple grey leaves and large 
j^ellow to orange rlowers, which appear from January to April, when the tree 
is a very handsome sight. The fruit, a curved capsule 6-8 in. long, ripens 
from May to July. The wood is yellowish brown, mottlecl, handsome, highly 
prizecl for furniture, carving, and agricultural implements (Brandis). 

This is a tree of the driest regions of India, namely the Suliman and Salt 
Ranges, Sind, Baluchistan, trans-Indus, Punjab, ascending to 4,000 ft. in the 
outer Himalaya, Rajputana, Guzerat, and Khandesh. It is sometimes plantecl 
in gardens. It coppices fairly well, ancl is easily grown from seed or euttings. 
It is readily browsed by cattle. It is drought-hardy and very resistant to fire. 
It would be a useful species for afforesting dry tracts. 

ORDER XLV. ACANTEACEAE 

This order, consisting chietly of herbaceous plants, contains some under- 
growth shrubs and climbers of indirect importance iu Indian forestry. 

Genera 1. Acanthus, Linn. ; 2. Adhatoda, Nees ; 3. Phlogacanthcts, 
Nees ; 4. Strobilanthes, Bl. 

1. ACANTHUS, Linn. 

Acauthus iliciMius, Linn. 

A spinescent shrab of the mangrove forests where it sometimes forms 
a dense nndergrou^th troublesome in wood-cutting operations. 
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2. ADHATODA, Nees. 

Adhatoda Vasica, Nees. Syn. Justicia Adlmtoda, Linn. 

A gregarious shrub, abundant in the sub-Himalayan tract, ancl ascending 
the outer hills to 4,000 ft. It appears in great quantity on waste places, where 
it persists ancl spreads owing to its immunity from damage by browsing. It 
also forms a dense undergrowth in riverain forests of Acacia Catechu and 
Dalbergia Sissoo, and sometimes also in mixed deciduous forests. 

3. PHLOGACANTHUS, Nees. 

Phlogacanthus thyrsiAorus, Nees. 

An eyergreen shrub with a large thyrsoid inrlorescence of handsome 
brick-recl iiowers, frequent as an undergrowth species in moist, shady places 
in parts of the sub-Himalayan tract and in Burma. 

4. STROBILANTHES, Blume. 

This genus contains about 160 species of handsome Aowering shrubs, 
many of which are of great importance in Indian forestry as undergrowth 
species. The majority are shacle-bearing, and many are gregarious, forming 
dense masses over considerable areas and having an important bearing on the 
natural reproduction of trees. Although several spocies nower and fruit 
annually, many, like bamboos, nower and fruit at intervals of several years, 
the interval between successive Aowerings being as a rule constant for each 
species, but varying with different species. Arter the Aowering and fruiting 
the whole plant dies, and the following year the ground is covered with young 
seedlings commencing the next generation ; this periodic dying is of impor- 
tance, as will be seeri below, in connexion with silvicultural operations for the 
eradication of the plant. When gregarious Aowering takes place, bees are 
attraeted in large numbers, while R. M., writing in the Indian Forester, vol. xx 
(1894), p. 130, remarks on the large number of jungle-fowl which were attracted 
by the seecl during a gregarious seeding in the Mlgiris. An interesting general 
acconnt of the more important Indian species is given in Gamble's Manual 
of Indian Timbers (1902), pp. 51S et secj., whichmay bereferred to. See also 
Indian Forester, vol. xiv (1888), p. 153. The members of this genus are charac- 
teristic mainly of hilly country, the most notable exception being S. auriculatus, 
Nees, a common plant in the sal forests of the sub-Himalayan tract ancl the 
Indian Peninsula. 

In no part of India is this genus so well represented as in the Mlgiris and 
other hills of southern India, where the plants reach a larger size than else- 
where and are found in profusion, with great variety and beauty o.f nowering, 
in the sliola forests. S.foliosus, T. And., is one of the largest specie,s, the stems 
attaining 4-6 in. diameter. Perhaps the commonest and best known species 
of the Nilgiris is S. Kunihianus, T. And., which profers clry slojDes on the 
eastern sides of the hills where there is little or no tree iorest ; this species 
Aowers at intervals of four to six j^ears, givhig a bright blue colour to the 
landscape. The genus is also well reiaresented in the Himalaya and the hilly 
parts of Assam, Burma, ancl the Indian Peninsula. 

In the eastern Himalaya, among the commonest species are S. pectinatus, 
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T. AncL, and S. divaricatus, T. And. The former is a large shrub, attaining 
a height of 10 ft. and a girth of 9 in. or sometimes more ; its nowering period is 
twelve years (recorded 1890, 1902). In the weatern Himalaya, S. alatus, Nees, 
and S. Dalhousianus, Clarke, are common non-gregarious species of little 
silvicultural importance, which Aower every year. The important species of 
this region is S. Wallichii, Nees (with S. atropwpureus, Nees, which is possibly 
not a distinct species). This plant, known in Jaunsar as jhanu, grows gregari- 
ously, forming a dense carpet in the oak and fir woocls at 7,000-10,000 ft. 3 
and preventing by its thick mass of roots and stems the estabhshment of 
uatural reproduction of tree species , the results of experiments in eradicating 
it are described below. This plant nowers and clies at intervals of twelve 
years (recorded 1882, 1894, 1906, 1918). Its mode of growth is peculiar, 
though possibly that of other species may be similar. Each year a new shoot 
consisting of several internodes is sent up in the spring, but at the end of the 
season the whole of the year's shoot drops off except the lowest internode of 
the year, so that the age of a plant can at any time be told by counting the 
number of old internodes. 

In the Western Ghats from Bombay southwards there are several impor- 
tant species. Talbot enumerates thirteen species in the Bombay Presidency, 
of which one, S. callosus, Nees, is common on laterite or hard rocky ground, 
and extends to comparatively dry trap regions of the Satpuras in Khandesh 
and Central India. This species, known in Bombay as harvi, Aowers at intervals 
of seven or eight years ; its stems are used with mud plaster for walls of huts, 
and when it nowors and dies the dry stems are largely cohected for fuel. Of 
other gregarious species of the Western Ghats, which are said to Aower at 
intervals of about seven years, may be mentioned S. reticulatus, Stapf (vern. 
ahra), S. barbatus, Nees, S. sessilis, Nees (Aowers every seven or fifteen years ?), 
and S. perfoliatus, T. And. 

In Burma there are species which form a dense undergrowth in teak 
forests, hindering reproduction. Mr. C. W. A. Bruce x describes the gregarious 
nowering of S. rufescens in the teak forests of the Upper Chindwin district. 
This plant is said to nower once in six years, when it clothes the forest under- 
growth with masses of strongly-smelling blue Aowers which attract innumer- 
able bees ; the nowering was obseiwed in March, the plants seeded early in 
April, and the dead stems acted as a protection agamst iire, no doubt because 
they had killed out the grass and weeds and were themselves less intlammable 
than these. 

The silvicultural importance of the gregarious members of this genus hes 
in their effect on the natural reproduction of tree species, and it will be useful 
to considor the results of efforts made to eradicate them. It does not always 
1'ollow, however, that it is necessary or even advisable to eradicate the plant, 
f or, in the case of the larger species at all events, it may afford a useful shelter 
to shade-bearing tree species in early youth, and its eradication may result in 
the entry of weeds of a more noxious description. The eradication of S. 
Wallichii, Nees, has been carried out experimentaUy from time to time at 
Deoban, near Chakrata, in the western Himalaya, where it exists as a dense 
carpet under Quereus semecarpifolia, and prevents seedlings of that species 

1 Ind. Torester, xxi (1895), p. 47.- 
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and of firs from establishing themselves. Mere uprootiug of the shrub has 
given satisfactory results, but the cost amounted to over Rs. per acre. Also 
since there are often tree seedlings among the Strobilanthes these stancl in 
danger of being uprooted during the process. Advantage was therefore taken 
of the gregarious dowering of 1906 to ascertain if the cutting of the nowering 
or fruiting sterns wouid have any effect. The nowers began to appear in the 
first week of July, the seed ripened from the middle of September to the 
middle of October, and the plants died by the first week in November. The 
cutting of the nowering shoots was commenced in the middle of July, but this 
was found to be ineffectual, as new nowering shoots were produced, and 
cutting had to be repeated two or three times. It was found eventually that 
the best time to cut the stems was immediately before the seed ripened, that 
is, in September. An experimental plot was kept under observation for six 
years subsequently, and during this time no Strobilanthes seedlings appeared, 
while numerous oak seedlings succeeded in establishing themselves. Many 
oak seedlings were found to date from the time when the Strobilanthes was 
eradicated, but many on the other hand were older, which indicates that the 
oak seedlings were able to persist in spite of the dense covering of Strobilanthes, 
though they were assisted greatly by its removal. 

Outside this plot the Strobilanthes was observed to commence germina- 
tion in the hrst week of September of the year 1'ollowing the seeding, and 
witlun a year or two the ground was again carpeted with seedlings. Tlie 
plant is a favourite fodder of shcep, goats, and buffaloes, and it was suggested 
that the admission of grazing before the fruit ripencd would have the same 
effect as cutting ; the owners of the animals, however, refused to allow them 
to graze, on the ground that the unripe fruits are injurious, although after 
the seed ripened they ato the fruits readily without harm. There can be little 
doubt that even without artiticial measures for eradicating Strobilanthes, 
natural reproduction of tree species benelits greatly each time the plant 
dies naturally, for it takes two or three years at least for the new generation 
to reaeh a size large enough to be troublesome. 

Mr. E. B. Osmaston * mcntions that in the case of S. peetinatus, T. And., 
a large shrubby species in the Darjeeling hills, an experiment made during the 
gregarious nowering of 11)02 showecl that it could be eradicated successlully if 
cut in the month of June, when it had commenced to tlower ; in this it diffcrs 
from *S'. Walliehii. 

Mr. J. S. Gamble 2 has dcscribed the measures taken in the eradication 
of Strdbilanthes in the Nilgiris, and the following passage may be quoted : 

' So dense is the, thicket of Strobilantkes m the undergrowth of the tbrests, 
that under ordinary natural circumstances it is really only at the time of the 
periodical dowerings that the tree seedlings get a chance of a start. There 
are usually thousands to be found uuder the thicket, but until the Strobihnthes 
dies, or is cut aAvay, they simply remain stunted, waiting until the removal 
of the cover gives them a chance, and then they usually take advantage of it 
and come on quickly. It has, consequently, on the Nilgiris been lately foimd 
useftd to assist in disengaging the seedlings by clearing away the growt.li of 
Strobilanthes. In tlie forests round Ootacamund and Coonoor, where there is 
a large demand by the poorer classes of natives for small fuel, and where the 

1 Ind. Porestor, xx.\ (1904), i>. 195. 2 /6«/., xiv (1888), p. 1C4. 
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hard, brightly burning wood of the Strobilanthes is much appreciated, it is 
possible to clear away the growth of it and not only allow of the young tree 
seedlings getting a chance of growing, but provide a consiclerable amount of 
fuel ample, at very cheap rates, to cover the whole cost of the work. In the 
Lamb's Rock forest, 37 acres cleaned in 1886, at a cost of Rs. 222, produced 
9,038 head-loads of fuel (about 323 tous), realizing at one anna each, Rs. 505, 
equivalent to a net pront' of Rs. 9-4-0 per acre. Something like nine-tenths 
of the material out consisted of Strobilanthes. The good results of this work 
were niost marked : myriads of secdlings were disengaged, and a few years 
hence, with the help of a seed cutting or cutting under seleetion in the cover, 
what was a few years ago merely a dilapidated shola with cover of old, mostly 
imsouud, trees and underwood of Strobilanthes, will be coiwerted into a fully 
stocked pole forest. It may easily be understood that the clearing of Strobi- 
lanthes must precede the seed cutting or the cutting under selection (jardinage). 
When the cover overhead in a forest is light, the bank of Strobilantlies under- 
neath is often very valuable as assisting to retain tbe moisture in the soil, 
prevent fires, and nurse the tree seedlings, and in some cases it is best not to 
clear away the growth too wholesale, but to disengage seedlings in plots where 
they are found sufficiently thick and good. An example of a shola in which 
not only the Strobilanthes were cut, but also the covering trees some years 
ago, may be seen in the yalley at the back of the inspection house at Nadu- 
vatam. There, the growth of new Strobilanthes and tree seedlings together is 
so thick as to be at the disadvantage of the latter ; and, did fnnds admit, 
tlie Strobilanilies skonld now be thinned out.' 

ORDER XLVL VERBENACEAE 

The chief importance of this order lies in the fact that it contains the 
principal timber tree of.India, and one of the most important in the world, 
namely the teak, Tectona grandis, Linn. f . It contains also other trees of some 
importance or interest (Omelina, Vitex, Premna), as well as numerous shrubs 
and several climbers. 

Genera 1. Tectona, Linn. f. ; 2. Gmelina, Linn. ; 3. Vitex, Linn. ; 4. 
Premna, Linn. ; 5. Oallicaepa, Linn. ; 6. Aviceiv t nia, Linn. ; 7. Lantana, Linn. 

1. TECTONA, Linn. f. 

Species 1. T. grandis, Linn. f. ; 2. T. Hamiltoniana, Wall. 
• 1. Tectona grandis, Linn. f. Teak. Vern. Sagun, Hincl. ; Sdgiuan, sdg, 
Mar. ; Tegu, tegina, Kan. ; Teku, Tel. ; Tliekku, Tam., Mal. ; Kyun, Burm. 
(Fig. 262.) 

A large deciduous tree with a rounded crown and, under favourable con- 
ditions, a tail clean cylindrical bole, which is often buttressed at_the_bj3,sej,T.iid 
sometimes huted. Branchlets quadrangular, channelled, with a large quad- 
rangular pith. Lej^esj^^ojija^arge^ broadly ^UpJ^aljjrj^oYatĕi^usually 
1-2 ft. long, but often larger in coppice-slTootrand young plants, rough above, 
stellately grey tomentose beneath, with minute glandular dots, which are red 
in young leaves, afterwards turning black. Bark, 0'15-0-7 in.. thick, grey or 
light greyish brown, nbrous, with shallow longitudinal nssures, exfoliating in 
long, thin, narrow somewhat corky nakes. 

Measurements of bark thickness in various locahties in Bombay and the 
Gentral Provinces showed averages of 0-15 to 0-4 in. for trees of small to 
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moderate size, and gave a geueral average of about 0-25 in. Measurements in 
the Nilambur plantations gave the f ollowing average bark thicknesses : 

Girth of tree, 1-2 ft. ; bark thickness, 0-5 iii. 

„ „ „ 2-3 ft. ; „ „ 0-55 iii. 

„ „ „ 3-4 ft. ; „ „ 0-65 in. 

„ „ „ 4-6 ft. ; „ „ 0-7 in. 

Wood rnoderately hard. Sapwood small, whitish. Heartwood dark 
golden yellow, sometimes with dark streaks, turning brown with age, oily, 
with a characteristic odour, extremely dnrable, seasons well, and does not 
warp or split. 

The teak is the most important timber tree of India, For ship-building, 
its timber stands in a class by itaelf, and has a world-wide reputation. It is 
aiso extensively used for house-building, bridge and wharf construction, piles, 
furniture and cabinet-work, railway carriages and wagons, carving, ordnance 
work, wheel spokes and felloes, general carpentry, and numerous other pur- 
poses. Teak timber is largely exported from Burma to Europe. 

Under favourable conditions the teak reaches large dimensions. Bour- 
dillon 1 records a tree in the Achencoil valley, Travancore, 26 f t. in cireumf erence, 
but it had a short bole ; he mentions that at the beginning of last century, 
when the British Naval Department were collecting teak in Travaucore, a tree 
Avas felled in the Idiyera valley which measured 7 ft. in diameter at its butt 
and 26 iu. at a length of 70 ft., and therefore contained 900 cubic ft. of timber. 
In the Anamalais Beddome records trees above 22 ft. in girth, with boles 
80 or 90 ft. to the first brancb. Mr. K. B. Venkatramana Iyer 2 records an 
exceptionally tall tree standing in evergreen forest near the Karumpoya river 
in the Edakutti forest, South Malabar ; it had a height of 192 ft., a clean 
straight trunk to the nrst branch of 114 ft., and a girth at base of 16 it. 8 in., 
and at 4| ft. from ground-level of 15 ft. 10 in. Mr. H. Tireman 3 records a tree 
fehed iji the forests of southern Coorg whieh hod a girth at breast-Jieight of 
25 ft. 2 in., and yielded three logs with the following measurements : 

(1) Longtli II ft. 7 in. ; niuaii girtk 18 ft. iri. ; out-turn 248 cubic ft. 

(2) „ 11 ft. 4 in. ; „ „ 16 ft. 1 in. ; „ 182 „ „ 

(3) „ 10 ft. 3in. ; „ „ 14 ft. 4 in. ; „ .132 „ „ 



Total 562 „ „ 
Muhammed Habibullah Sahib * reeords a tree felled in the Tekkadi leased 
1'orests, Soutli Coimbatore. Thegirth at breast-height was 18 ft. 7 in., and the 
tree yieldecl eleven logs totalling 711 cub. ft. Mr. A. Wimbush 5 records 
a tree recently 1'elled at Palacaclava in South Coimbabore which yielded live 
logs totalling 1 ,099 cub. ft. 

Among large trees recorded from Burma may be mentioned one measured 
by Dr. Brandis in the Gwethe forest, Toungoo, with a girth of 16 ft. at 6 ft. 
from ground-level, and a clear bole to the flrst branch of 114 ft. A tree 19 it. 
in girth at 6 ft. from ground-level is recorded in the working plan of the Kadin- 
bilin forest, Tharrawaddy, 1885. In the Myittha-Panlaung forest, Mr. H. 

1 Poiest Treos of Travancore, p. 285. 3 Ind. ForeBter, xxxix (1913), p. 174. 

3 Ibid., xliv (1918), p. 86. « Ibid., p. 468. 

5 Ibid., xlvi (1920), p. 247. 
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Fig. 262. Tectona grandis, girth 11 ft. 7 in., Minye, Toungoo, Burma. 
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Calthrop measurecl a tree 20 ft. in girth at 6 ft. from the ground, with a clear 
bole of 60 ft. to the first hranch. Two trees nieasured by me in 1906 in the 
Mohnyin forest, Katha, hacl the following dimensions : 

(1) Girth at breast-height 10 ft. 3 in., height 152 ft., bole 93 ft., estimated to contain 282 cub. ft. 

of timber. 

(2) Girth at bTeaat-height 11 ft. 4in., height 135 ft., bole 93 ft., estimated to contain 320 eub. ft. 

of timber. 

These two trees are shown in Figs. 263 ancl 204. 

Mr. 0. G. Rogers x records the cubic contents of five trees recently felled 
and logged in the Mehaw reseiwe, Pyinmana, as Mlows : 



No. of logs 


Total length 


Mean girth of 


Total volumo. 


yielded. 


of logs. 


bottom log. 






ft. 


ft, in. 


cub. ft. 


(1) G 


153 


13 6 


S62 


(2) 3 


78 


13 6 


063 


(3) 3 


ai 


13 (5 


737 


(4) 3 


86 


11 3 


531 


(5) 4 


72 


18 


087 



These trees grew ou rich well-drained soil at the foot of the hills east of 
the Sittang river. Mr. Rogers also records in the Gamon reseiwe of the Zigon 
forest division, a tree with a height of 153 ft. and a breast-height girth of 
15 ft. 10 in. 

Among large logs recorded from Burma is one mentioned by Dr. J. 
Nisbet. 2 It was eut in the Shweli forests, Buby Mines district, by Messrs. 
Darwood & Co.j and launched in one of the Aoating streams about 1898 ; it 
was cuiite souncl, had a length of 82| ft., a butt girth between 12 and 13 ft., 
a top girth between 7 and 8 ft., and a mean girth of 10 ft., and contained 
516 cub. ft. of timber. Another sound log recorded by Mr. S. Carr 3 in the 
Yamethin district had a length of 64 ft. and a mean girth of 13ft. 9 iu., giving 
a volume of 756 cub. ft. ' 

Genebal distbibtjtion. Teak is indigenous throughout the greater part 
of Burma and the Indian Peninsula, in Siam, and in Java and other islands 
of the Inchan Archipelago. In Burma the northern limit of teak lies about 
25° 30' ]ST. lat., that is, some clistance outside the tropics, while its southern 
limit is in the Amherst district hetween 15° and 16° N. lat. ; on the east it 
extends beyond the frontiers of the province, Avhile on the west it does not 
extend beyond the western watershed of the Irrawaddy and Chindwin rivers. 
In tho Indian Peninsula the northern liniit of teak is in the western Aravallis 
in Rajputana at 24° 42' N. lat., thence eastward through Central India to the 
Jhansi district at 25° 33', entering the Banda district, thence in a south- 
easterly direction to the Mahanadi river. From this northern hmit it extends 
southward to Tinnevelly and Travancore. In Burma and the Indian Peninsula 
it is by no means continuous within the limits mentioned, but is conĔned to 
tracts of greater or less extent separated by other tracts where it is absent or 
of very local occurrence. 

Although the teak reaches large dimensions in some of the forests of 
western and southern India, Burma is the great source of supply of large- 

1 Ind. Forester, xliv (1918), p. 417. 2 Ibid., xxiv (1898), p. 320. 

3 Ibiil, xrii (1896), p. 46G. 
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sized timber f or the European market, and the vast teak f orests of that province 
constitute one of its greatest natural assets. Nevertheless even the poorer 
classes of teak f orest in the Indian Peninsula are of considerable value as sources 
of local supply in the shape of poles and timber for builcling and other purposes. 

Teak has been planted in many localities outside its natural region. 
Plantations on a small scale have been f ormed in the United Provinees, Bengal 
(includiiig Chittagong), Assam, Bihar and Orissa, Arakan, and the Andamans ; 
a short account of some of these plantations is given below (pp. 733-4). 
The tree is frequently plantecl in parks and gardens as far north as Saharanpur, 
Dehra Dun, and even Lahore, as well as in other places outside its natural 
region. 

CiiiMATE. Although teak occurs in dry localities, subject to great heat 
and drought in the hot season, it thrives best and reaches its largest dimen- 
sions in a 1'airly moist, warm, tropical climate, though in very moist tropical 
regioiis it tends to be replaced by evergreen forest. It extends into regions of 
slight frosfc, but throughout almost the whole of its distribution irost is un- 
known. It occurs where the normal rainfall is 30 in. or even less, as in Khan- 
desh, Ahmednagar, Nimar, Buldana, and West Kurnool, and is also found 
where the rainfall is as much as 150-200 in., as on the west coast of India and 
in Tenasserim. Actually it appears to thrive best with a normal ramiall 
varying from 50 to 150 in. Thc most important teak areas of Burma are 
situated in regions where the normal rainfall varies from 50 to 120 in. In the 
Inclian Peninsula it experiences in plaees absolute maximum shade tempera- 
tures up to about 118° F., ancl absolute minimum shade temperatnres down 
to about 36° F., but these extremes denote a drier climate than is favourable 
to its development. In the moist parts of the west coast, where it reaches 
larger dimeusions than in the drier parts of its Indian peninsular region, the 
climate is much more equable, the absolute maximum shacle temperature 
varying from 95° to 100° F., and the absolute minimum from 55° to 62° P. 
In the more important teak areas of Burma the absolute maximum shade 
temperature varies from 102° to 110° F., and the absolute minimum from 39° 
to 55° F. 

Topogkaphy, geology, AKD soil. Tlie majority of the teak forests are 
situated on hilly or undulating country, but there are considerable areas on 
ilat alluvial grouncl provicled it is well drained, not only on plains of some 
extent, but also on alluvial rlats of limitecl size along the banks of rivers and 
streams. On well-drained deep alluvial soil teak sometimes occurs remarkably 
pure, and attains largc climensions. It also attains very goocl development on 
the fertile lower slopes of hills where the soil is deep, but along dry ridges it 
becomes stunted, as is also the case on shallow soil. Above all, the teak requires 
good subsoil drainage, and will not endure stiff soil which is liable to inundation 
or to water-logging. In the plains f orests of Burma teak is sometimes conhned 
to the fringes of well-drained grouncl along the banks of watercourses, avoid- 
ing the ground away from the streams where the drainage is not so goocl. 
In the Nilambur teak plantations of South Malabar, in whieh the stock has 
been carefully elassiiied aecording to quality, it is f ound that drainage exercises 
a great intluence on the quality. Here flat alluvial grouncl does not produce 
first o^uality crops unless it is close to the main river, the growth deteriorating 
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to seconcl quality at a short distanco from it, even where the groiuid is well 
drained by feeders ; where tlie di'ainage is at all deticient third quality is the 
result. 

Teak is found on various geologieal formations, but the extent to wlhch 
it nourishes depends largely on the depth, drainage, moisture, and fertility of 
the resulting soil. It grows well m. Burma on the soft tertiary sandstones and 
shales of the Pegu Yoma and parts of the Chhidwin drainage, where the result- 
ing soil varies from sandy to clayey loam, usually of good depth ancl drahaage. 
It is fairly plentif ul in the sandstone areas of the Indian Peninsula, partieularly 
on the Vhidhyan sandstones, but on liard metamoa^phosed sandstone or 
quartzite, which disintegrates with difficulty, the teak becomes stunted and 
of poor growth. Teak Aourishes on graaaite, gneiss, schists, aaid other meta- 
morphic rocks in the liills east of the Sittaaig aiver, iaa the Raiby Miaaes district, 
aaad parts of the Madaya drainage of Burma, as well as iu North Kanara, 
Malabar, the Aaiamalai hills, Coorg, aaad elsewhere ha the Iaadian Penuasula. 
The soil resulthag from granite and gneiss is often very sandy or gravelly and 
poroais, and oai ridges aaad iaa dry situatioaas geaaerally it may become unfavour- 
able for the growth of teak. Oaa the limestoaae of the Thaungyin valley, the 
Ruby Miiaes district, the Madaya valley and parts of the Chhidwiia drahaage 
of Burma, teak floaaa'ishes well where tlae rock has disintegrated to f orm a deep 
loam, thongh on hard limestone with a shallow soil the growth is poor. Teak 
occua's on limestone in parts of the Central Provinces aaad locally iia North 
Kaaaara. The great trap areas of the Iaidiaai Peaiinsula are exteaasively covered 
with teak. As a general rule the soil is of no great depth, aaid although teak 
is often remarkably plentiful, it is of small size ; only in valleys and on lower 
slopes, where there is some depth of soil, does the tree attaiia fair dimensions 
ha, the traja areas. Teak as a rule avoids laterite, and whore founcl on this 
rock it is invariably stunted ; oialy wlaere the laterite is highly disintegrated 
aaid mixed with otlaer rocks does it attaha any size. 

Looal ocottbrenoe ani) types op itobest. Bwma. The geiaeral limits 
of teak in Burma have already been giveai. The tree does not exteud to 
(1) Arakaaa, South Tenassei'im, and the extreme north of Upper Burma, 
wliere, apart from other possible reasons for its abseaice, the heavy rainfall 
frequently renders the forest evergreen in type ; (2) low-lying savannah laaacls, 
tidal regioias of the delta, many laterite areas, and other places which are 
unsuitable for its growth ; (3) elevations higher than about 3,100 ft. ; (4) the 
drier parts of the dry zone of Upper Burma. It occurs round the friaages of the 
dry zone, but does laot extend into regions wlaere the rainfall is much below 
40 in. ; outlyhag patches of teak withiaa the dry zone oecur on the lower slopes 
and rouaid tlae base of Popa mountain in the Myingyaia district, but hcre the 
rainfall is heavier than iia the drier tracts around, aaarl tlae soil is coanposed 
of fertile volcanie dĕbris. Elsewhere teak oecui's in suitable localities through- 
out the greater part of the province, though there are considerable tracts 
where it is absent. 

In 1917 the total area of teak-bearing forest in Burma was roughlj' esti- 
mated to be 33,000 square miles. The majority of these forests are situated 
oai hilly or undulating ground, but there are some important forests situated 
on nat ground of alluvial origin, Perhaps tlie most important stretch of teak- 
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bearing forest in the province is on the Pegu Yoma, a range of hills composed 
of tertiary sandstone and shale and f orming for the greater part of its extent 
the watershed between the Irrawaddy and Sittang rivers : these forests form 
an unbroken stretch more than 200 miles in length and averaging about 
30 miles in breadth. There are also extensive teak tracts in the drainages of 
the Salween, partictdarly in the Southern Shan States, of the Thaungyin, the 
Chindwin and its tributaries, and the upper Irrawaddy, including the Shweli, 
Madaya, and other important drainages. Teak f orests of varying extent occur 
also on the eastern slopes of tlie Arakan Yoma, in the hills east of the Sittang 
river, and in the Ataran drainage. The Myitngĕriver drainage contains aeveral 
teak areas, partly in the Northern Shan States and partly in the Yeyaman 
tract of the Kyauksĕ district. 

Teak occurs normally in mixed deoiduous forests, but occasionally teak 
trees are found standing in dense evergreen forest (see Fig. 265). These trees 
are often of very large sisce, testifying to the fertilifcy of the soil. Suoh cases 
are examples of progressive succession from a cleciduous to an evergreen type, 
for the teak is incapable of regenerating in dense evergreen forest, and must 
have established itself when the forest was of a deciduous type. The gradual 
encroachment of evergreen species in moist deciduous forest can often be 
observed, particularly in areas where fire-protection has been introduced, and 
in some cases teak trees may be found recently killed by the suppression of 
faster-growing invasive species. 

The teak-bearing forests of Burma may be classihed into uumerous sub- 
types, but the more important of these can be referred to one of two main 
t3 7 pes which Kurz designated ' upper mixed ' and ' lower mixed ' respectively, 
terms which have been adopted generally and are well understood. The 
general distinction between these two main types is as follows : (1) upper 
mixed forest (Eig. 266) as a rule occupies hilly or undulating country, and is 
usually characterized by the prevalence of bamboos ; (2) lower mixed forest 
(Fig. 267) occurs on lower ground, which is rlat or nearly so, and is usually 
alhwial, white bamboos are oither absent or not well distributed. Both these 
types arc essentially deciduous, but in their moister parts they tend to morge 
into evergreen, while the two types may merge imperceptibly into each other, 
so that a sharp line cannot always be drawn between them. The upper mixed 
forests are by far the more extensivc, and may be regarded as the true home 
of the teak ; somc of the richest teak areas, however, are to be found in lower 
mixed forest. 

The upper mixed forests may be divicled into two chief sub-types, (a) dry 
and (6) moist, according to the comparative dryness or moistness of the forest 
growth, of whicli the best indicators are the bamboos, which are such an 
important constituent of the crop. A sharp distinctioh cannot always be 
drawn between. these two sub-types, more ospecially since the majority of the 
tree species associated with the teak occur in both. 

In dry upper mixed forest the typical bamboo is Dendrocalamus strictus, 
hut some of the hamboos of the moist forest, notably Cephalostacliyum per- 
gracile, often in stunted form, extend into dry forest. Bambusa Tulda occurs 
in both, and Thyrsostachys Oliveri is fonnd in somewhat dry types as woll as 
in, fairly moist types in Upper Burma. Dry upper mixed forest may either 
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iha. 2G6. Toak in uppor mixed ioresit, Bhanio district, Upper Burma : the 
bamboo is young CcpJmloslachyum 2>ergracile. 
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occur in unbroken stretches of eonsiderable extent or be con.fin.ed to the 
crests and upper slopes of ridges and spurs, the lower slopes of which are 
occupied by moist forest, As a rule teak does not attain such large dimensions 
in dry as in moist forest, but it reproduces itself more freely inthe former. The 
most typical associates of teak in dry forest are Xylia dolabriformis, Terminalia 
tomentosa, T. Ohebula, Acacia Catechu, Pterocarpus macrocarpus, Homalium 
tomentosnm, Shorea obtusa, Pentacme suavis, Dalbergia cultrata, Bombax insigne, 
Sterculia spp., Premna tomentosa, as well as many other speoies. 

A particular form of somewhat dry f orest is that known by the Burmans 
as thithyin, in wbich bamboos aro scarce or absent and there is often an 
undergrowth of thorny twiners ; the most characteristic trees are teak, Xylia 
dolabriformis, Terminalia tomentosa, Homalium tomentosum, and Lagerstroemia 
Flos-Reginae, and there is sometimes a dense advance growth of young Xylia. 

In moist upper mised forest the prevailing bamboos vary with locality. 
Throughout the Pegu Yoma and in certain other tracts the most typical 
species are Bambusa polymorpha and Gephalostachyum pergracile in its more 
luxuriant form ; the latter has a wide range in Burma. Locally common is 
Oxytenanthera albociliata, often on sandy soil. In moist valleys of the Pegu 
Yoma, Dendrocalamus longispathus is common, and where the moist forest 
merges into evergreeh forest dense masses of Teinostachyum Helferi cover the 
ground. In the northern parts of TJpper Burma among the commonor bamboos 
of the moist mixed forest are Dendrocalamus Brandisii, D. Hamiltonii, and 
D. membranaceus, with Cephalostachyum pergracile plentiful in some localities. 

The commoner tree species associated with teak in the moist upper mixed 
forests are Xylia dolabrijormis, Lagerstroemia Plos-Beginae, L. tomentosa, 
Anogeissus acuminata, Terminalia belerica, T. pyrifolia, Homalium tomentosum, 
Adina cordifolia, A. sessilifolia, Stephegyne diversifolia, Vitex glabrata, Bombax 
insigne, Eugenia spp., and where the forest merges into evergreen, Dipterocarpus 
alatus. 

In the lower mixed deciduous forests teak is associated with Xylia dolabri- 
formis, Lagerstroemia Plos-Beginae, L. tomentosa, Dipterocarpus alatus, Berrya 
Ammonilla, Terminalia tomentosa, T. pyrifolia, T. belerica, T. Ghebida, Adina 
cordifolia, A. sessilifolia, Stephegyne diversifolia, Odina Wodier, Spondias 
mangifera, Eugenia Jambolana, Eriolaena Candollei, Careya arborea, Vitex 
glabrata, Dillenia pentagyna, Miliusa velutina, Diospyros ehretioides, Dal- 
bergia cultrata, D. purpurea, Kydia calycina, Pterospermum semisagittatum, 
Phyllanthus Hmblica, Anogeissus acuminata, Bridelia retusa, Schleichera trijuga, 
and many others. In these forests teak avoids the badly drained areas, but 
where the drainage is good it may becorne very plentiful and may reach large 
dimensions. 

Particuiarly rich teak- forests of the lower mixed type are the Kangyi 
and Satpok reserves in tho Tharrawaddy district, both of which are outlying 
forests on the alluvial plain of the Myitmaka river. To this type may be 
referred the interesting forest of Mohnyin in the Katha district of TJpper 
Burma (see Kg. 264). This forest is situated on fl.at or nearly flat ground on 
deep alluvial soil. Over part of the area teak forms the bulk of the growing 
stock, and in places is practically pure, and the trees reach very large dimen- 
sions. The peculiarity about this forest, apart from the high percentage of 
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teak it contains, is that the trees are mainly of large dimensions, the proportion 
of small trees being very dencient ; natural reproduction is almost entircly 
wanting until special measures, which are described later, are taken to stimulate 
it. Bamboos are absent over mueh of the area ; the chief companions of the 
teak are Grmlina arborea, Anogeissus acuminata, and Careya arborea. Although 
the teak trees attain large size the timber is not of the best taiality, being 
much riddled by the bee-hole borer (Duomitus ceramicus, Wlk.)- 

In some localities, notably in the Ruby Mines district, teak occurs in belts 
or pockets which follow the courses of streams, large stretches of intervening 
country beiug covered with indaing or other types of forest devoid of teak. 
The teak conhnes itself to the alluvial flats or other fertile ground in the 
neighbourhood of the watercourses. Throughout Burma, in forest both of 
the upper and of tlie lower mixed types, teak is very commonly found, some- 
times in gregarious form, on well-drained alluvial nats of varying size, on the 
iertile loam of which it may attain large dimensions. Bamboos are often 
absent in such places, or if they are present the commonest sjoecies is Bambusa 
Tulda. Teak is sometimes found in indaing f orest on laterite, but in this type 
i.t is hwariably stunted. 

As a general rule teak forms a comparatively small proportion of tbe 
growing stock in the forests of Burma, the trees being scattered singly or in 
groups among a large number of other species. Some years ago I made an 
examination of the numerous statistics contained in the various working plans 
which have been compiled for the teak forests, aud published the results, 1 
The hgures yieklod — inclnding those furnished by the Mosit reserve in Bhamo, 
the working plan of which has been issued since — show that over the teak- 
bearing area of whole forests, that is, whole working circles and not selected 
areas rich in teak, the average number of teak trees 6 ft. or over in girth per 
100 acres is 100 or more in respect of fourteen forests hitherto enumerated, 
aggregating 972 scpiare miles of teak-bearing forest ; of these the Mohnyin 
forest heads the list with 241 such trees per 100 acres. Only four of these 
forests have 100 or more teak trees 7 ft. in girth and over per 100 acres. 

Considering next those forests wliich are rich in sound teak trees 3 ft. ancl 
over iu girth, it is interesting to note that the three richest forests are situated 
on rlat alluvial ground. The three 1'orests in cpiestion are : 

1. Mohnyin (Katlia division), 707 trees per 100 acres. 

2. Satpok (Tharrawaddy division), 455 trees per 100 acres. 

3. Kangyi (Zigon division), 441 trees per 100 acres. 

Satpok and Kangyi are typical lower mixed forests. Next in order of 
riclnress come two typical upper mixed forests of the Pegu Yoma, namely 
Bondaung (Toungoo) Avith 409 trees, and Kadinbilin (Tharrawacldy) with 
408 trees. No fewer than nine forests have totals of between 300 and 400 
sound teak trees 3 ft. and over in girth per 100 acres, and of these all but one 
are situated in the Pegu Yoma. 

As regards the percentage of teak in the total growing stock in teak- 
bearing f orest, in the twelve richest f orests in wlhch enumerations of all species 
have been carried out, the percentage of souncl teak trees 3 ft. in girth and 

1 A Noto on Bome StatiBtieal and other Info]'.mation regarcling the Teak Forests of Burma. 
Ind. Por. Recorda, vol. iii, pt. i, 1011, 
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over varies from 15 to 33, the two richest forests being situated in the Zigon 
forest division ; these are Bawbin with 33 per cent., and Kangyi with 29 per 
cent., the former being of the upper ancl the latter of the lower mixed type. 
These ngures, however, do not inchide the Mohnyin forest, in which only teak 
was enumerated ; this forest prohably contains a much larger percentage of 
teak tlian any other. The lowest percentage of tcak 3 ffc. and over in girth in 
true teak forests hitherto enumerated is 6, in tho Gwethe and Saing working 
circles of Toungoo. 

Inrlian Pminsula, general dislribution. The distribution and types of teak 
f orest in the Inclian, Peninsula are determined mainly by rainfall and geological 
formation with resulting soil. The great majority of the teak areas are situated 
on one of two great systems of rocks : (1) the Deccan trap, whieh stretches 
from abont 25° N. lat. southwards with occasional interruptions to about 
10° N. I»t., eaibrachig parts of Central India and the Central Provinecs, the 
greater part of Berar, the whole of the northern part of Bombay as far south 
as Belgaum, and the westorn part of Hyderabad ; (2) the crystallino rocks 
(granite, gneiss, schist, &c.) which occur in Bundelkhand, in severalparts of the 
Central Provinccs, in tho eastern part of Hyderabacl, along the Western Ghats 
ancl throughout the grcater part of the Madras Presidency. Broadly speaking, 
there is a marked difforenec in the types of toak forest found on these two 
geological formations. On the trap areas, whcro the soil is often very super- 
ficial, the toak is usually of small size but occurs in great abundance, often 
forming tho bulk of the growing stock and evon occurring pure over con- 
siderable areas. To somo cxtent this is due to artiticial causes, in that teak 
has boen able to survive better than its companions the lopping, hacking, 
grazing, ancl burning to which many of the forest tracts have for loug been 
subjected ; in somo cases also teak owes its prevalence to the ' fact that as 
a ' royal tree ' it has recoived special proteetion in the past. On the crystalline 
areas, although the teak trees are as a rule more scattered than they are ou 
trap, they reach considorably larger dimensions where the rainlall is favour- 
able. 

United Proirinces. In the Jhansi district of the United Provincos teak 
occurs on gneiss and quartzite, and is conhnccl to areas within a few miles of 
the larger rivers. It is found in the small forest of Sahwas, where it forms the 
greater |)art of the erop, in the protectecl forests of Talbehat, and occasionally 
on the bank of the Betwa river. The rainlall in these tracts is under 40 iu., 
and tho teak is of small size. 

Oentral Provinces and Berar. In the Central Provinces and Berar teak 
occurs to a greater or less extent in Jubbulpore, Damoh, Saugor, Hoshangabad, 
Seoni, Chindwara, Nagjmr, Wardha, Chanda, Balaghat, Bilaspur, liaipur, 
Buldana, Betul, ancl Amraoti (Melghat) , and posaibly to a small extent in other 
localities. In Bilaspur, Balaghat, and Raipur it is very local, occurriug chieuy 
on alluvial ground near streams. Within its region the rainfall varies from 
under 40 in. to about 65 in., except in the Bori foi - est of the Hoshangabad 
clistrict, where it is between 75 and 80 in. Teak occurs on a variety of geological 
formations, notably trap, limestone, gneiss, mica schist, sanclstone, con- 
glorherate, shale, and clay. It is usually absent from the c^uarteite plateaux, 
and although occasionally found on laterite, the growth is poor ; it also avoids 
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black cotton soil. On trap areas teak is often very plentiiul, though of small 
size. In some localities it attains a fair size 011 tiie Vindhyan limestone and 
sandstone or ou alluvial grouud near rivers. Teak is not ordinarily found 
with sal, but occasionally the two occur mixed, for example in thc Bilaspur 
district, where there is a small aroa of teak mixed witli sal poles near Deosara 
in the West Lormi range. The recpiirements of the two species differ, teak 
seeking good subsoil draiuage eombined witb a fair raiulall, and sal seeking 
the more hygrosoopio soils. 

Teak is ono of the constituents of the mixed decicluouw lorests which are 
so typical of tlie Central Provincos. Its chief companions are Terminalia 
lomenlosa, T. belerica, Lagerstroemia parviflora, Ougeinia, dalbergioides, Ano- 
gaissus latifolia, Dalbergia latifolia, D. panicukda, Pterocarpus Marsupium, 
Diospyros Melanoxylon, Acacia Catechu, Ghloroxylon Swielenia, Soymida 
febrifuga, Schleichera irijwja, Schrebera siuietenioides, Gmelina arboraa, Gleis- 
lanlhus collinus, Odina Wodier, Gaasia Pishda, Bridelia retusa, Adina cordifolia, 
Slephegyne parvifolia, Butea jrondosa, Bassia lati,folia, Phylkmlhus Emblica, 
Buohanauia latifolia, Xylia xylocarpa, (in Chanda), and Boswcllia serrata (in 
dry plaees and on ridges). The prevailiiig bamboo in teak-bearing 1'oreat is 
L>endrocalaiu,us strietus, but oocasionally Bamlmsa arundinacca, is found on 
alhiyial llats by rivers. Thc type and quaiity of the forest, and the actual 
eompanions found with the teak, vary according to local conditions. lu the 
great majority of cases the teak is of com parativcly small sizo, and it bas 
often suhcred from past maltreatment in the shape of lopping, grascing, and 
burning, in consecpience of wlueh many trees are unsound or misbhapen. 

The largest teak in the Central Provhice,s is producod in Soutb Chanda, 
in wliich the most important forests are those of Allapilli in tho Ahiri range, 
formiug a compact bloek about 73 sepiare miles in area and situated about 
70 niilew south of Clianda. Tlie n.orth-west and central parts of this traet are 
ilat or imdulating, the remainder being hilly, the Bhimarain hills iu the soutli- 
west rising to 1,600 ffc. al)ove sca-level. The rock is metamorphie, cliiolly 
granhic ; the soil is a rich light loam, but is shallow aud rooky on the hill 
ridges. The rabdall is about 50 in. Tlie forests of tho Bhimaram hilia are 
characteri/jed by a plentiiul growth of bamboo (Deiulrocalamus slrictus). Teak 
is tlio most plenthul tree spccics, thc lorest consisting in many plaecs o:E large 
teak trees standing bctween bamboo clumps, with scattered iiiclividuals of 
Dalbergia l.atijolia, Plerocarpus Ma,rsupium, and Stcjihegyne parvifdlia, while 
Scldeichera trijuga, is common in the valleys. At the base of thc hills and in 
the, valleys the lorest is more varied, the teak being associated with Terminalia 
knneulosa, Stephcgyue paruijolia, Adina cordijblia, Diospyros Mclauoxylou, 
Anogeissus lalijblia, Odina Wodier, Xylia xyloca?pa, Tlolarrhcna, antidysenterica, 
Butea frondosa, Glcislaidhus collin/us, aud others. These species extend to the 
Bhimaram plains forests, whore teak greatiy pi-edominatew, and to the Mirkullu 
lalock, though the hilly portions of tlie latter are oceupied by a very cl.ense 
growth of bamboo, the rosult of former shifting eultivation. 

Another intoresting teak f orost in the Central Provinces is the Bori forest 
in the Hoshangabacl district. Tliis forest is situated in a deep valley at an 
average eIevation of 1,450 ft. above sea-level, through which runs the Bori 
river ; this valley is enclosed on the nortb by a searpecl ridge rising to 3,777 ft., 
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and on the south by several minor ridges rising fco 1,900 ft. above sea-level. 
The roclcs are partly trap, partly massive sandstones of the upper Gondwanas, 
and partly soft sandstones, clays, and shales of the lower Gondwanas. The 
soils resulting from these rocks are often intermingled, the result heing favour- 
able to forest growth, though the teak is most ahundant and of best growth 
where trap predominates. An important f actor is the rainfall, which is between 
75 and 80 in., and is consiclerably higher than in any of the neighbouring parts 
of the Peninsula. Teak is tho predominant tree, especially 021 alluvial ground 
along river-banks, where it may form aa much as 90 per cent. of the crop. 
The chief associate species are Ougeinia dalbergioides, Terminalia tomentosa, 
Diospyron Melanoxylon, Lagerstroemia parviflora, Anogeissus latifolia, Ptero- 
carpus Marsupium, Dalbergia latijolia, and many of the other cortiinon trees 
of the Central Provinces. Bamboos (Dendrocalamus strictus) are also plentiful. 
Teak is capable of reaching very fair dimensions, and coppice-shoots show 
remarkablo growth, attaining a height of 100 ft. and a girth of 6 ft. 

Bombay. The most important teak f orests of the Bombay Presidency are 
those of North Kanara, where under the inlluence of a heavy rainfall and 
favourable soil the trees attain large dimensions. The roclcs are chietly crystal- 
line (granite, gneiss, schist, limestone, cpiartzite, &c), with occasional trap or 
sandstone and shale, and the soil is often a deej) rich loam. Laterite is frec j [ueiit J 
but the teak avoids pure lateritc soils. The best teak areas of the Western 
Ghats and below-,c/7iai! tracts of North Kanara are in the regions of heavy 
rainfall, that is, where the rainfall is over 60 in., and may reach 150 in. or 
more. Here the teak reaches large dimensions on well-drained slopes such as 
those of the Kalinaddi and Gangawuli rivor drainages. 

Teak occurs only in mixed deciduous forests, and although occasional 
trees are found standing in evergreen forest this, as in Burma, indicates recent 
encroachment of evergreen speeies in former forcst of a deciduous type. ln 
the Kanara hig.h forests, teak is a scattered tree, forming a comparatively 
small proportion of the growing stock. Parther inland, where the rakdall is 
less, the teak climinishes in size but increases in relative cmantity ; thus the 
eastern parts of Kanara, and the adjoining forest tracts of Belgaum and 
Dharwar, where the rainfall varies from 35 to 60 in., are the regions of teak 
pole forests. The chief companions of the teak in the forests of Kanara are 
Terminalia tomeniosa, T. paniculata, T. belerica, Lagerstroemia lanceolaia, 
L. parviflora, Dalbergia lalijolia, Pterocarpus Marsupium, Xylia xylocarpa, 
Aclina cordijolia, Stcphegyne parvifolia, Grewia tiliaefolia, Schleichera trijuga, 
Stereospermum xylocarpum, Anogeissus latifolia, Saccopelalum tomeniosum, 
Dillenia pentagyna, and Oareya arborca. The bamboos are Bambusa arundi- 
nacea on the lower slopcs ancl in the valleys, Dendrocalamus striclus, and 
Oxytenant,hera monostigma, the last-named often forming on the upper slopes 
a dense undergrowth which hinders natural reproduction. 

Outside North Kanara, Belgaum, and Dharwar, teak is found over a con- 
siderable portion of the great trap area extending from Surat and Khaudesh 
in the north to the northern parts of Kanara and Belgaum in the south, as 
well as on the gneiss, schist, sandstone, and cmartaite of the Pauch Mahals. 
In the Khandesh Akrani teak ascencls to 3,700 ft. Throughout the great bulk 
of the trap area the teak is of comparativoly small size, but, as elsewhere on 
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trap formation, it forms as a rulo a large percentage of the growing stock, 
sometimes occurring practically pure over considerable areas. The rainfall 
over most of the trap areas of Bombay varies from nnder 30 in. to about 
70 in., but in the gliat regions of Thana and Nasik it is in places over 100 in. 
Where tho rainfall is small the growth is extremely poor, and reproduction is 
largely from shoots sent up from stools and old thickened root-stocks ; herc 
the teak suffers periodically from drought. Even whero the rainfall is heavy 
tho soil is often shallow and rocky and the trees do not rcach large climonsions, 
though occasionally in valleys and ravines where there is some depth of soil, 
f air growth is attainod . In the Dangs of Surat and the Khancl esh Akrani teak 
attains a largor sizc thau in most parts of the trap area, but tho larger trecs 
are usually unsound owing to past maltreatment. 

The companions of tlie teak in these forests are much the same as those 
occurring in most of tho Central Provinces teak forests, and include Terminalia 
kmientosa, T. belerica, T. Ghebula, Lagerstroemia parnijiora, Adina cordifolia, 
Stephegyne parvifolia, Grewia tiliaefolia, Pterocarpus Marsupium, Dalbergia 
lalifolia, Ougeinia dalbergioides, Phyllanthus Emblica, Gassia Eislula, Acacia 
Oatechu, Diospyros Melanoxylon, Buteafrondosa, Bridelia relusa, Odina Wod,ier, 
Soymida febrifuga, Erythrina suberosa, Schleichera, trijuga (chiehy ncar water- 
courses), ancl Boswellia serrata (in dry places). The bamboos, where present, 
aro Dendrocalamus slriclus ancl, on the more fertile ground or where the raudall 
is heavy, Bambusa arundinacea. 

Southern India. The most important natural teak areas of southern 
luclia are in North and 6'oiith Malabar, particularly in the Wynaacl, the 
Anamalai hills, Coorg, the south-western part of Mysore, and Travanoore, 
that is, in thc south-westerly part of the Peninsula. Tho rocks are for the 
most part metamorphie (grauito, gneiss,. and sehist), and the raiuiall in tlie 
best tcak areas is chiedy between 60 and 150in., but is morc in placcs. Teak 
here occurs in mixccl doeiduous forest ; the companion specie;:; arc mucli the 
samo as those of North Kanara, and include Terminalia tomentosa, T. belerica, 
T. paniculata, Dalbergia, ]atifolia, Lagerstroemia lanceolata, Pterocarpus Mar- 
supium, Greuna tiliaejolia, Schleichera trijuga, A.nogeissus lat%folia, Adina 
cordifolia, Stephegyne pa,rvifolia, Stereospermum xylocarpwm, Gareya arborea, 
Bombaa: malabaricmn, and Gmelina arborea. Xylia '.r.ylocarpa occurs below 
tho ghats, sometimcs associatecl with teak. The ohief bamboo is Bambusa 
arundinacea, with Dcndrocalanius strictus on drier slopcs. 

hi Malabar toak hourishes and reachcs large dimensions, both in the 
Wynaad, at oIovatious of over 2,000 ft., with a rainfall of about 80 to 140 in. 
and at lower elevation,s below the ghals, where tho rainfall is hoavier. Tho 
Nilambur valley of South Malabar is celebrated for its extonsive and remark- 
ably suc(icssful toak plantaticms, commenced in IS44 ancl continuod to the 
prcsont day. ,ln the Anamalais teak grows to a large size on fertile loam 
rosulting from the cleoomposition of gneiss. The toak forests are of a some- 
what moist type, the chief associate species boing those just mentioned, and 
thero is often a donse horbaceous undergrowtb wliich provonts teak repro- 
duction . 

Thoforests of Coorg fall into two main tracts — the eastern foresliS, at an 
altitude of 2,600 to 4,488 ft., with a ramiall varying from 124 in. at Mercara 
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Fici. 267. Teak in lowcr nrixecl forest, Pyinmana, TJppcr Burma : on right of 
large teak tree is a Dilleniu tree. 
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to 42 in. at Praserpet, ancl the gto f orests, situated on the slopes of the Western 
Ghats and in the tracts below, where the raini all is probably as much as 300 in. 
or more in places. The rock is chieily gneiss, which is covered as a rule with 
a considerable depth of soil ; lateritc is found in places, but the teak avoids 
pure laterite. The eastern forests may be roughly divided into two zones, the 
dry oastern or teak zone and the western or moist zone. In tlie former teak 
is plentiful, but in the drier parts to the east the forest is open and the growth 
is poorer than it is iarther west ; in the south-eastern forests the growth is 
better. The western zone is characterized by a luxuriant growth of Bambusa 
arundinacea ; the forest is well stocked with nunierous tree species of good 
growth, but teak is comparatively rare, though existing plantations indicato 
thatthe loeality is well suited to its growth. The ghat forests are mainly 
evergreen, and are not teak-bearing. 

In Travaiicore teak grows at various elevations up to 3,000 ft., though at 
the higher levels it does not thrive. It is found on sandstone, granite, and 
limestono, as weli as on alluvial ground along rivers. The best teak is found 
on the lower slopes of hills up to 2,000 ft. elevation ; the Idiyera valley was 
at one time celebrated for the size and cpiantity of its teak, but extensive 
working, dating from 100 years ago or more, has clepleted this and other 
favourabIe localities. In Travancore, as elsewhere, teak grows in mixed 
deciduous forests, its ehief companions being those noted above for south- 
wcst India in geueral. The common bamboo is Bambusa arundinacea, while 
in the Idiyera valley the teak is f ound growing among thiokets of the reed- 
like bamboo, Ochlandra travancorica, Benth. In Travaneore the teak grows 
best where the rainfall is 100 in. or more. In the drier parts of the state, 
partieularly in the extreme south, it is of small size, but grows in fair cmantity, 
often forming the greater part of the growing stock. 

Among other teak localities in the Madras Presidency may be mentioned 
Coimbatore (apart from the Anamalai hills) chlerly on gneiss, Tinnevelly on 
granito and schist, South Cuddapah up to 3,900 ft , tho Yerramalais of We,st 
Kurnool, where the rainfall is only about 25 in., and teak occurs locally iu 
stunted. form, chierly on shale, and along the Godavari river. The Godavari 
forests are situated partly on hilly and partly on level ground ; the soil is 
fertile ancl is capable of produeing fair-sizcd timber, but the forests have 
sufferecl from past over-felling aud from shifting eultivation. The teak wood 
from these forests is tigured and ornamental, aud is prized for furniture and 
cabinet-making. Among the chief associates of the teak in the Godavari 
forestw are Terminalia tomeniosa, T. Ghebula, Xylia xy!ocarpa, Dalbergia lah- 
folia, Plerocarpus Marsupium, Lagerstroemia 'paruijlora, Adina cordifolia, 
Anogeissus latifolia, Soymida febrifuga, Ghloroxylon Swietenia, Diospyros 
Melanoxylon, and Cleistanlhus collinus. 

Leait-shisdding, plowering, atstd l^iUiTiNG. In dry situations and seasons 
the leaves fall from November to January, while in moist Iocalities the tree 
may remain in leaf until March or even later. As a rulo the trees are Ieatless 
throughout the greater part of the hot season. The new leaves ordinarily 
appear from April to June acoording to locality and season ; in wet seasons 
they sprout early, while in abnormally dry seasons the trees remain lealless 
longer than usual 
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The large terminal panicles of small white Aowers (Fig. 268) appear during 
the rainy seasoii, as a rulo from June to August or September according to 
season ancl locality, but in abnormally wot seasons they may begin to appear 
as early as April, as they did in Berar in 1915 as a result of frequent showers 
early in the year. During the rainy season tho teak trees are conspicuoua 
from a cliatance with their masses of white inAorescences. Mr. E. Marsden 
states that he observed the teak in f ull Aower in the Tinnevelly district, Madras, 
in January 1917, andthat this is apparently usual. 

The fruits ripen from November to January and fall gradually, some 
remaining on. the tree through part of the hot season. Tlie fruit is a hard, 
bony, irregularly globose nut (Fig. 270, a), somewhat pointed at the apex, 
enclosed in a thick, felty, light brown covering, usually 0-4-0-6 in. iu diametcr, 
but varying much in sizo, containing one to threc, rareJy four, seeds. The nut 
is enclosed in the inAated bladder-like calyx, 0-8-1-5 in. in diameter. Through- 
ont the cokl season tlie f eathery erect f ruiting panicles (Fig. 209) are conspieuous 
on the treos. Tho fruit may be conveniently collected by clearing the ground 
under the trees in January and February and i-sweeping up the fruits every 
fow days ; the fruits may, if necessary, be lightly beaten off 1;he trees with 
sticks. For convenience in storage ancl transport it is advisable to remove 
the bladder-like ealyx. This can be donc by half filling a bag witli the fruits 
and vigorously rnbbiug ancl shaking it, after which thc remains oJ: the calyces 
can be separated from tho nuts by winnowing. The uuts vary much. in. weiglit. 
In samples from Burma tho number varied from 570 to 850 per lb., while in 
samplcs from tlie Centrai Provmces it varied from 900 to 1,400 per lb. 

The teak seecls well almost overy year, though oecasional poor seed-years 
occur. The soed-crop may be partially destroyecl by storms between, the time 
of dowering and fruitiug. Insocts are somotimes responsible :i:or the destruction 
of muoh of the seed-crop. EertiLc secd bcgins to be produced at a comparativoJy 
eariy age. A pJantation formecl in 1873-4 at Ramgarh in the Gorakhpur 
district, tJnited Provinces, commeneecl regenerating naturally wheu. less than 
twonty years of age. Coppice-slioots Ilower and fruit abnormally early. Seed 
from coppico niue years old, coUectcd in Saugor, Central Proviuces, ancl tested 
by the Eorest Botanist at "Delira Dun in 1908, gorminatecl an.cl producccl 
lieaLthy seedliugs. Tliis clisposes of the idea that seed from coppice shoots 
is necessarily uuJlertilo. Mr. G. M. Ryan., 1 Jiowever, atates tliat gormination 
tests witli seecl. from coppice-shoots up to fifteen years oJcl in Thana, Bombay, 
wore unsuccesstul. Old. treea are capable of producing iertilo seod : in Burma 
seed from large trees 10 ft. in girth ancl over has been tested on at least tliree 
dilTereut occasions and fouud to be auite Jiertile. 

I.ndiviclualtests reveaL cousicl.erable diilerenees iu the percentage of lertility 
ol: teak soed, but as a rule tho percontage is high in well-selected seecl. The 
seed. often falls to germinate the first year, particularly if sown late, ancl may 
lia clormant in tlie ground for one or more years l)efore germinating. Seed 
stored for a year is usually found to germinate more freely than frosh seed. 
Variotis methocls of hastoning germination aro d.escribed below uncler ' artihcial 
reproduction '. The vitality of teak seed is remarkable. Two instances may 
be quoted in wliicli seed has lain dormant for many years, retaining its fertility. 

1 Ind. Porestor, xxx (1904), p. 450. 
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The lirst is the case of the Mohnyin forest in Katha, Upper Burma, 
situated on ilat ground and consisting in parts oi almost pure teak of largo 
size but with no reproduetion present. Sonie years ago experiments were 
undertakcn to induce natural reproduction, among other measures tried boing 
the olearing of undorgrowth and the cleau sweeping of the ground ; this 
resulted. in the appearance of dense masses of teak seedlings sprung from seed 
which liad lain dormant in the ground, and which must have aecumulated for 
years before producing seedlings' in suoh quantities. In a portion of the 
Bilumyo forest near and of tho same type as Mohnyin, all teak seed-bearers 
were gircLIcd in 1911, aud in 1915 the forest growth was cleared and burnt ; 
this was followed by tiie plentiful appearance of teak seecUings from seed 
wliicli must have lain dormant in the ground. for at least four years. 

The second instance is one recordecl by Mr. A. W. Lushington x in the 
forests of the Nallamalais of Kurnool. Here from 1901 onwards clear-fellings 
made in a type of forest devoid of teak trees resulted in plentiful natural 
reprocl.uction of teak : this is attributed. to the fact that in the sixties of last 
century or later teak was abundant in these JEorests, whereas in the eighties 
or nincties a totally difl'erent type of forest arose by which the teak was 
temporarily ousted, and when from 1901 onwards this iorest was ctit.teak 
sprang up in abundanee from seed which must have lain dormant in the groimd 
for many yoars. 

Giormination (Eig. 270, b~(j). Epigeoua, Tlie nut splits open on one or 
two sid.es, or sometimes on three or even four sides, the side pieces separating 
from tiie central axis of tho nut like valves. Through the openings thus 
caused the radicles lirst emerge and clescend, the cotyleclons soon making 
tlieir way upwards through. the cracks, leaving the testas within the nut. As 
the plant omerges the valves soon fall away from the central portion of the 
nnt. One nnt usually produces ono or two seedlings, but oecasionally as many 
as three or even four seedlings may be procluced. 

T.HTC SEBDLING (Mg. 270). 

Boots : primary root long, thick, terete, tapering, tomentose, whitish and 
delicate at iirst, becoming light brown and woody later : lateral roots numerous, 
moderately long, at iirst delicate, whiLe, pubescent, afterwards librous. Hypo- 
cotyl clistinct from root, 0-5-1 in. long, compressed, white turniug green, 
tomentose and covered with minute dark recl glandular dots. Cotyledons : 
petiolo (.)• 1-0-25 iu. long, channelled abovc, light green, tomentose, coverecl 
with niinuLe dark red glandular dots : lamina 0-45-0-6 in. by 0-3-0-5 in., 
foliaceous, neshy, broadly elliptieal ovate, eiitire, , apex emarginate, base 
cordate ov truncate, convex and bright greeh above, concave ancl paler green 
beneatl), miuutely tomentose and covered on both surlaces with minute dark 
red glandular dots which turn black later, midrib depressed, basal lateral 
veins two, somewhat obseure. Stern erect, at iirst terete or slightly compressed, 
soon becoming cpiadrangular, greeii, tomentoso, covered with glandular dots, 
at lirst dark red, aoon turning black. Leavea simple, opposite clecussate, 
exstipulate. Petiole 0-1-0-5 in. Lamina 1-12 in. or more by 0-4.-10 in., 
ellipticai ovate or obovate, aoute ov obtuse, base tapering, serrate or crenate, 
hispid above, coarseiy pubescent beneath, both surfaces, particularly the 
Jower, covered with glandular dots at ilrst dark red, soon becoming black ; 
venation prominently reticulate, the veins clepressed on npper, raised on 
lower surface. 

1 Ind. JTorester, xxxii (1907), p. 409. 
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Eig. 271 shows soedlings in various stages up to about two months olcl. 
During the nrst year the leaves remain comparatively small except in the case 
of vigorous seedlings which havc grown uncler favourable conditions ; these 
develop large leaves wliich may reach a length of over 1 ft. Eig. 272 shows 
a vigorous seedling during the nrst season. In the Nilambur plantations trans- 
planted seedlings which are regularly wecded attain an average height of 6 ft. 
by the end of tho firab year on soils of good cp.nJ.ity, the principal growth 
taking place not during the rainy season but as soon as it iy over. Under 
less favourabIe conditions a height of not inore than a few inches is attained 
during the hrst season. Healthy seedlings procluce a stout taproot which may 
attain a length of 12 in. or more during the first scason and 2-3 ft. or morc by 
tlie end of the second season. Seedlings are leaiiess during part of the hot season. 

Teak seedlings are decidedly sensitivc to drought and to frost, particularly 
(huing the first year, when they are frequently lcilled outright. During the 
seeoud and subsequent years frost does less permaneiit injury, and p.lauts, if 
atlected, have a better chance of recovery from the base.j In the drier parts 
of the Peninsula drought is a common cause of death among seedlings, and 
it is of the greatest importance to secure early gerinination and vigorous 
development during the lirst rainy season, in order to enable the young plants 
to survive the subsocpient clry weather. In dry locahties the stems of seedlings 
are frequently killed back by drought for some years in succession, while the 
root-system develops until it attains suffieient vigour to produco a permanent 
Htem. In the first year seedlings do not tolerate injury to the taproot, but 
in subsequent years it is possible to transplant them with a fair ehance of 
success after pruning tho root and steni. In nurserics seedliugs are often killed 
through injury to the taproot by iusects ; thts grub of the rhinoceros beetle 
(Oryctes rliinoceros) is one of the worst ollencl.ers. 

Young teak plauts have a wonclerfi.il power of reeovery from damage by 
fire, and in burnt forests their stems ruay be ki.lled back for many years in 
nuccession, while in the meantime they gracluttlly produoe a lnuch thickened 
root-stock from whicii a permanent shoot is iinally produced when conditions 
aro favourablo to its survival. It has bcen observcd in Burma that seedlings 
lacking in. vigour whcm thus killed baok by fire subseque.utly produco much 
more vigorous shoots. Yoiing tealc plants aro uot rcaclily browsed by cattle 
ancl other animals. 

Teak seedlings aro iiitolerant of shade, aud thrive best entirely in the 
open ; only in dry loealities do they beueht iu their earlier stagcs by side 
protection from tho direct rays of the sun. They are very sensitive to any 
suppression by woods, aud it is a wcll-known fact that wherever weed-growth 
is to be foared the survival of teak seedlings cannot be ensured without regular 
weeding. This fact recjuires no douionstration to those who have had any 
experiencc of the cultivatiou of teak, but Fig. 273 may serve to demonstrate 
it to those who have not had such experience. This hgure shows two parallel 
lines of teak sowings in the second year ; line A, on the left, has been regularly 
weeded, with the result that the plants are heaithy and vigorous. while line B, 
on the right, has been left unweedecl, with the result that every seedling lias 
been kiiled by weeds, although these are by no means heavy. These sowings 
were carried out at Dehra Dun in 1913. 
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The action of weeds in killing teak seedlings is probably not a matter 
entirely of suppression. Seedlings are very apt to rot in damp situations 
during the rainy season, and in. moist weed-groAvth the mortality from this 
cause is high. Drip from overhead trees is also the cause of high mortality 
among seedlings, and possibly this may also be connected with rotting owing 
to excessive damp. 

Silvicultural characters. The soil requirements of the teak have 
already been described ; briefly stated, the tree is capable of thriving on 
a variety of soils and geological formations, but requires good subsoil drainage. 
Teak is a pronounced light-demander ; it wiU not tolerate suppression at any 
period. of its life, and requires complete overhead light as well as a f air amount 
of side room for its proper development. Saplings are often found growing 
under the light shade of bamboos, and even to some extent under other trees, 
but the growth of such plants will generally be found to be slower than that 
of plants with complete ireedom overhead. Saplings growing under bamboos 
and. endeavouring to make their way through them will oiten be found 
to have their leading shoot damaged or killed, the bamboo acting as a ' whip ' ; 
the leading shoot of the teak is very intolerant of any irritation of tlie kind. 
The teak produces a large deep root-system. At nrst a long thick taproot 
is 1'ornied ; this may persist or may disappear, but in either ease strong lateral 
rootw are produced. Teak planted in the Andamans in exposed places suffers 
from the effects of wiud, which eauses a branchy growth ; it requires to be 
planted in slieltercd places, belts of forest being left as screens. 

Teak is sensitive to frost, seedlings and coppice-slioots being particularly 
liable to injury ; it resists frost better than some of its associates, howcver, 
and has good power of recovery. In its natural habitat severe frosts seldom 
occur, but the abnormal frost of 1.905 did much damage in parts of the 
Peninsula, jjolcs being killed at the top or down to ground-level ; experiments 
earried out for iive years subsequently ahowed that trees badly damaged by 
frost wero caj^able, when coppiced, of producing vigorous stool-shoots. Teak 
is also sensitive to drought. In the abnormai droughts which have occurred 
from time to time in the Peninsula it has usually suffcred more severely tban 
any otlier spocies, trees as well as coj>pice-shoots being killed or hopelessly 
injured in largo quantities. 

Teak has greater power of resisting the effects of fire than the majoritj 
of its associates. It is true that on steep hill-sides and on ground covored 
with a dense growth of inhammable grass the damage done by nre to teak 
trees in all stages is eonsiderable, and it is not improbable that in such places 
much of the hollowness observable in the iower parts of the boles is attributable 
to the ellects of past nres. Looked at from a comparative standpoint, howevei\ 
it is equally certain that in burnt areas the survival of the teak as a species 
is encouraged at the expense of its less lire-resistant competitors. The question 
of the effect of hre and iire-protection on the natural reproduotion of teak 
is one quite apart from the effect of fire damage on the growing stock, and is 
discussed below under ' natural reproduetion'. Under certain conditions iire 
may have a benencial imiuence in etlecting a natural cutting-back proeess in 
the case of injured or weakly saplings. Thus Mr. C. B. Smales x has recorded 

1 Notes on a Tour in Joiests on tho West Slopes of the Pegu Yonia, 1917. 
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some interesting obseiwations on the quality of teak saplings in nre-jirotected 
and improtected forests of a dry type in the Zigon and Thayetmyo forest 
divisions of Bnrma. In the protected forests most of the saplings were forked 
and many were crooked, while many suffered from injury by wind, temporary 
suppression, and other causes, and had wounds which persisted. In the 
unprotected rorests such weakly shoots were removed by tire, and the shoots 
resulting from the regrowth were nearly always remarkably clean and vigorous, 
defying fire and all competitors. 

An nnoxpected result was obtaincd in an experiraent commenced in the 
Bhamo district, Upper Burma, in 1900. Two plots of forest were selected 
near eacb. other ; the growth on either was similar, consisting of numerous 
young teak trees with bamboos (Cephalostachyum pergracik in tlower and 
Dendrocalamus mcmbranacems) and thelcM grass (Imperata arv,ndinacea). One 
plot, acres in extent, was then nre-protected continuously after 1900, while 
the other, 5 acres in extent, was allowed to burn each year. By 1908 the 
condition of the plots was totally different. In the nre-protected plot there 
was a den.se niass of bamboos, while in the burnt plot thero were scarcely any. 
Measurements of. about 100 teak stems in each plot showed a girth incremont 
43 per cent. greater in. the burnt than in. the iire-protected plot, tho explanation 
being that in the formev tbo crop was kept more open than in tlio latter, in 
which a dense growth of bamboos and inlerior species was encouraged, to the 
detriment of the development of the teak trees. This experiment ean hardly 
be regarded as conclusi.ve in itsell, but similar experiments in other localities 
niight throw more liglit on what may provc to be a- cpiestion of some 
importanee. 

Teak is not so readily browsed as most of its companions, and. resists the 
effeots of grazing bettor than thoy d.o. Mr. J. W. Best x alludes to a stunted 
and shrubby growth in heavily grazed areas in tlie Bhaudara district, Central 
Provinces, hut this is attributed to the hardening of the soil by continued 
trampling rather than to actual browsing. Heavy grazing may be decidedly 
harmlul in young eoppicc areas, as the coppice-shoots aro soft and easily 
hroken, or trampled down by eattle. 

In resisting the etrects o:F. mcclian.ical injury of any kin.d tho teak shows 
romarkable vitality. In v.illage torest lands in tlie Indian ,'Peninsula the last 
remnants of a former torcst are often represented by a scrubby growth of 
teak, the last surviving speci.es in tho pj-oceRS of lopping, cutting, hurning, 
and grasiing. On, aunually oleared lire-Iines, again, teak coppice-shoots pcrsist 
louger than those of most otlier species. In some localities teak owes its 
snrvival. in part to tho fact that as a ' royal treo ! it has received special pro- 
tection i'or a long periocl. o.f ycars, but apart irom this it owes its prevalen.ce 
m inany places wbere it constitutes the bulk of: the growing stock to its great 
power of resistance to the e:ffects of haeking, burning, and grazing. 

Tcak sutTcrs from various forms" of iujury by animals. In the Peninsula 
rats multiply in oertain years and do oonsidcrable damage in plantations by 
gnawing the roots. Pigs also d.o much cl.amage in some parts of the Peninsula 
hy rooting up seedlings, particidarly in plantations, where the newly-dug earth 
attraets the animals. In Burma much damage is done in some localitios by 

1 Ind. Forestor, x XXV (1909), p. 613. 
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saing (Bos sondaicus), which strip off the bark from teak poless ancl often kill 
theni outright. Thia form of daniage is also perpetrated by bison and some- 
times by deer. Of all wild animals, however, the elephant is the worst offender, 
his depredations being notiecable to some extent in Malabar and on a larger 
scale in Burma. The clamage consists of brealdng down or uprooting poles, 
especially in plantations, which may be utterly ruinecl, and of stripping the 
bark off trees. The latter form of damage is done by digging the tusks uncler 
the bark, tearing it open, and then pulling it off in long strips. The bark is 
oiten stripped off completely round the lower parts of the trees, many of which 
are killecl, while, if thoy survive, the wounds caused by the barking may admit 
fire and rot. Mr. G. B,. Jeffery x estimated that in the Wapyudaung working 
cjrcle, Ruby Mines district, about 90 per cent. of the unsound trees in the 
moister types of forest owecl their unsouncmess directly or indircctly to damage 
by wilcl olephants, and conciuded that it would be impossible to grow sound 
teak in forest inlested by these animals. 

Teak is subject to various insect attacks, perhaps the most serious of 
which is tliat of the larva of Duomilus cerumicus, Wlk., a moth, which bores 
into standing trees in Burma ancl causes the large holes erronoously termed 
' bee-Iioles '. Another lepidopterous borer, Gossus cadambae, Moore, does much 
clamage in Travancore. It tunnels down the interior of young stems one to 
two years old, and the only remecly is to cut back the stems ; it also gains 
admission throngh thc wounds caused by lopping branches of trees for manure. 
Of defoliators, the commonest are the oaterpillars of Ilybloea puera, Gram., 
and Pyransta machaeralis, Wlk. The 1'ormer consumes the whole leaf cscept 
the midrib and the main lateral veins, while the latter skeIctoni7.es the leaves, 
eating the parenchyma and leaving al.I the veins. Anothcr defoliator is the 
catcrpillar of Paliga damastesalis, Moore, the ' teak-leaf rolicr ', which, though 
more local, does a considcrable amount of defoliation in some localities, 
particulariy on dry hill-sides. 

The fungous pests of. thc teak have not been atudicd in any detail. In 
Upper Burma the existcnce has been recorded of a thread-Iike blight on teak 
leaves and of a fungus in the plantations of Katha which arrests the growth 
of the leading shoot, causing a nest-like formation ; eutting back has been 
louncl efleotive in the casc of the latter fungus. Tn the Gwetlie reserve of 
Touugoo in 1911-12 a group of tcak trees 5 to 7 ft. in. girth was found to be 
iittackcd by a lungus, which had killecl some oi tbc trees ; specimens were 
examined at Pusa by the Tmporial Myeologist, who reported great destruction 
to the woody elements by a fungus whieli appeared to be strongly parasitic, 
but without the sporophorcs thc fungus could not be identitied. A mildew, 
Uncinnla Teclonae, Salmon, which attacks the leaves of thc teak and of Oordia 
Macleodii, appears to be lairly widespread in the Central Provinccs. Mr. A. L. 
Chatterji 3 notes that it attacks only the upper surface of the leaves, giving 
them a characteristic bluish appearance. Thc fungus does not appear to do 
any material damage, 

In some localities teak suffers from the attacks of Loranthus. This 
parasite was at onc time troublesome in the Nilambur plantations, but branches 

1 Working Plan for tlie Wapyudaung Working Circle, Ruby Mincs .Forest Divisiori, 1911. 
a Ind. Eorester, xxxviii (.1912), p. 28. 
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attacked by it have been systematically lopped, and it has thus been kept 
in check. 

Teak coppices and pollards vigorously, and sometimes retains the power 
of coinucing to a considerable size. Mr. Poulkes x mentions a tree in North 
Malabar with a breast-height girth of 97 in., which when felled produced 
22 coppice-shoots, and stems with diameters of 2 ft. 10 in. to 6 ft. 4 in. which 
produced 11 to 13 shoots per stool. The early growth of coppice and pollard 
shoots is rapid. Of twelve different species coppiced and pollarded experi- 
mentally in 1909 in North Chanda, Central Provinces, teak showed the most 
rapid growth both of coppice and of pollard shoots. Mr. J. C. Legge a reoords 
measurements of coppice-shoots from stems five years old cut back iu planta- 
tions in Travancore on February 14-17. These were measured on May 11, 
when less than three months old, and were found to vary from 3-|- to 7| ft. in 
height, the number of shoots per stool varying from 7 to 23 : an unusual fall 
of 10 in. of rain, however, occurred at the time of cutting baok. An average 
height of 7 to 10 ft. for coppice one year old is not unusual. 

An experiment carried out in 1906 in the Jubbulpore district, the object 
of which was to ascertain the most favourable season in whieh to oarry out 
coppice fellings, has been described by Mr. R. S. Hole. ; ' Trees 2 to 4 ft. in 
basal girth, selectecl for equal vigour and similar conditions of environment, 
were coppiced in clifferent months from Mareh to September. The stools were 
cut ilush with the grouncl. The best results were obtaiued iu March and 
September, and the worst results, with reference to three ditrerent factors, 
were obtained as follows : 

I?actor. Montha giving worst reaults. 

Total and partial failure to ooppice ... . . . . April, May, June, July. 

Number of domhiant stems ....... . Juiie, July, August. 

Height growtli July, August. 

Thus tho worst periocl for coppicing was found to be from the time vege- 
tative activity commences — it was abnormally early that year — up to and for 
a short time after the full development of the foliage. In the eourwe of this 
experiment it was founcl that in the case of the larger stools, with 3-4 ft. 
girth, the number of vigorous shoots pex stool waw greater thau in tho case 
of the smaller stools, with 2-3 ft. girth. The following are the ngures : 

Ayerago nuinber of yigorous skoots per stool aooording 



Girtli of stool. 






to HlOl 


itk. o£ M) 


ling. 








March. 


April, 


Muy. 


Juiie. 


July. 


Aug. 


iSept. 


2-3 ft 


1-7 


2-0 


1-8 


l-(j 


1-9 


1-0 


24 


3-4 ft 


4-0 


,'i-8 


2-o 


2-1 


2-0 


2-2 


2-7 


Ayerago of all aiaes (2-4 ft.) . 


2-3 


2-6 


2-3 


1-9 


1-9 


2-0 


2-5 



All the coppice-shoots originated in one of two ways — (1) £rom callus 
growth developecl inside the bark and situated between the bark and the wood 
at the edge of the cut surface, or (2) from the side of tbe stool below the cut 
surface, the shoots appearing through the bark. The former, which may be 

1 Incl. l^oreater, xl (1914), pp. 262, 263. B Ibid., xxiii (1807), p. 205. 

3 Note on the Beat jSeason for Coppioo Fellinga of Teak, ~J?qi: Painpli. Wo. 10, Bot. Ser. No. 1, 
1910. 
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termed ' callus shoots ', are of adventitious origin, while the latter, which may 
be termed ' side shoots ', probably arise from dormant buds. Mr. Hole notes 
tliat high coppicing appears to prevent the formation of callus shoots owing 
to the rapid drying and shrinking of the wood at the cut suriace, causing 
separation from the bark : also that, subject to iurther conhrmation, present 
evid.ence seems to show that it is best to coppice teak low shortly before the 
commencement of vegetative activity, when as little of the dry season as 
possible remains, or if felling must be done in the season of rest, high felling 
may possibly be preferable, so that the base of the stump will still remain 
alive if the upper part dies. 

It is stated * that observations in the Melghat, Berar, have indioated that 
in tho case of old teak stumps whose vitality is poor it is better to leave stools 
4 or 5 in. high than to trim them flush with the ground, as in the latter case 
the dormant buds appear to be cut away. ' 

Experirnents carried out in 1909 in North Chanda to some extent corco- 
borate the Jubbulpore experiment as regards the season for coppicing teak. 
Stools coppiced in successive months from April to September showed the 
Mlowing percentage of success in producing shoots : April 100, May 100, 
June 92, July 91, August 40, September 71. 

There is little doubt, from observations made in localities where felling 
or cop])icing has been carried out for a long series of years, that teak stools 
retain their vitality for a oonsiderable time, and also, particularly in the casa 
of old hollow stumps cut nush with the ground, that the coppice shoots may 
develop indGpendent roots of their own, and may have the external appearanee 
of independent plants, until a eearch below the surface of the ground reveals 
the fact that they are connected by the periphery of the old stump. In some 
cases this connexion may possibly disappear in course of time. 

The question whether or not teak produces root-suckers has been * the 
subject of some incuiiry. In his account of teak in the Wynaad, North Malabar, 
Mr. G. F. Eoulkes states : 2 ' Where free seedling reproduction is absent ihe 
tree reproduces itself from coppice-shoots and more chieily from root-suckers. 
This is the case at the present time not only in the Wynaad but throughout 
the teak areas of the Madras Presidency.' The statement that tcak reproduces 
from root-suckers, which is reiterated elsewhere in the same article, evolved 
some eomment from Forest Officers in other localities, and an incjuiry was 
accordingly instituted with the view of ascertaining to what extent the pro- 
duction of root-suckers is a general characteristic oi the teak. " A search was 
made for root-suokers in different provinces aixd localities, including North 
Malabar, and ]:eports and specimens were sent to Dehra Dun. As a result 
of this incmiry Mr. E. Marsden 3 contributed a paper summarizing the con- 
clusions arrived at. An examination of the various specimens reeeived, which 
included specimens from North Malabar, revealed certain characteristics 
common to "all, namely : 

' (i) The " root-suckers " are close to each other or to the parent stem 
(usually not so far that their point of attachment to the " root " could not 
have been reachecl by a buttress or a lateral extension of the stem). 

1 Aimual Porest Administration Beport, Berar Cirole, 1913-14. 

a Ind. Foreater, xl (1014), p. 192. 3 Ibitl., xlii (1916), p. 43. 
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' (ii) Tlie " roots " are damaged or eroded on the upper side. 

' (iii) The roots are near the surface. 

' (iv) The parent stern is generally decayed.' 

Now tho vitality 01 teak stumps is remarkable ; trees which have been 
coppiced at times send up stool-shoots low down on the stool at bhe base of 
the buttresses which are tlie upward continuations of iihe main lateral roots. 
The centre of the original stool may die and in time decay or become liurnt, 
but the stool-shoots remain alive and may form indepondent root-systems, 
though they may remain connected by tho periphery of tlie original stump. 
If theso coppice-shoots are in their turn felled, neAV shoots may be produced 
on the side away from the original stump : the subsidiary stumps from the 
second coppicing may in their turn dio and deoay or become burnt, the result 
being a group of shoots apparently arising f roin lateral roots, and iu somo cases 
connected together by tho root-liko living periphery of an old stump, the 
interior of which has disappeared. Such was evidently the origin of the various 
specimens of ' root-suckers ' received at Dehra Dun, none ol which appear to 
havo arisen otherwise than in closo proximity to the pareut stetn. 

The iollowing extract from a iiapcr by Mr. E. E. .Fernandez l on the 
production of shoots by teak trees in the Central Provinces throws considorable 
light 011 the question of root-sucker productiou by teak : 

' To ascortain whether these shootn wcre truc suckers, or merely onu of 
the many instances of ordinary shoots that spring up more o:r less in contact 
with the parent stool, the Mlowing experiments were carried out : 

' 1. I had the soil dug uj) round eight trees, which I tlien cut down below 
the level of the ground. In two out of tlie eight cases, just enongJi of tlie 
stem was left to keep the principal roots connected. In the rest tJie stem was 
quite cut out, separating these roots entirely from each othcr ; along with the 
stem a less or greater portion of the root was, of course, removed. Tlie earth 
with cliips of wood was then thrown back. All the trces AVore over 80 years 
old, thrce of thein hollow and decaying. 

' 2. I wounded tlie exi^osed portions of tho principal roots of upwards of 
100 trees. In some cases a chip of bark only was taken off with a sharp axe, 
in others a portion of Avood was also removed ; some of the woimds Avere inade 
witli a blunt instrument, others with a stone, and so on. A considerable 
number of wounds were moro or less covered over Avith ilne earth, or ashes, or 
cow-dung. 

' 3. Siniiiar wounds wcre mado in the underground portions of many 
principal roots, and lightly covered over Avitli soil. 

' 4. And iastly, I dug up carefuily the extremities of some principal roots 
and covcred most of theni up lightly with soil, leaving some in their natural 
position, otliers slightly bent upwards, to favour the production of suckers, 
if any were likcly to come up. 

' 0f the eight trees exploited nnderground, five threw up slioots the 
foIlowing rains, among these the two in which a portion of the stern was left. 
These lattcr, it must be notieod, produced tlie greatest number of slioots. In 
the three other sucoessful instances the shoots sprang up from, or close to, 
the section of the roots ; tlio tlireo cases of failure were those in Avliich the 
largest portions of the principal roots wero cut away Avith the stcni. Maldng 
allowance for differences of soil, the strongest shoots Avere produced by those 
which had lost the least portion of their principal roots. Exporiments 2, 3, 
and 4 Avere complete failures ; moreover, an inspection of over 5,000 stools 

1 Porest Conferenco, Simla, 1870. 
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coppiced did not show a siugle slioot that had not sprmig up iii contact with 
the stools. Besidea this, 011 many occasions wheri I have met with youug teak 
plants that from their position to trees near them looked like suckers, I have 
had them carelully dug round and have iiwariably found their roots entirely 
distinct from those of the suspected parent trees.' 

So far as direct evidence goes at present, then, it may be said that teak 
does not possess the tendency to throw up true root-suckers at a distance frorn 
the parent stem, and that the so-oalled ' suckers ' which spring from low down 
on tho stump, at its junction with the main Iateral roots, although they may 
in certain cases bear a close resemblance to true root-suckers, should more 
correctly be regarded as stool-shoots. True root-suckers, such as those of 
Dalbcrgia 8issoo, Butea Jrondosa, Oroxylum indicum, and many other trees, if 
they are produced by the teak, must be of rare or local occurrenoe. 

Natueal B,EX'RODrjCT'ioN. The natural reproduetiou of teak has been the 
subject of numerous experiments and observations which enable us to arrive 
at certain conelusions regarding the etlects of various factors, favourable or 
otherwise, whioh bear on it. Our knowledge of the subject, however, ia by 
no means complete, and much detailed research still remains to be done. The 
f actors inHuencing natural reproduction may be considered under tliree heads : 
(1) spread of seed, (2) factors inuuencing germination, and (3) factors inlluencing 
tho survival aud dovolopment of the seedling. 

(1) Spread of seed. Under natural conditions the £ruits begin to fall in 
the cold season, about December or January, and continue falling during the 
ensuing hot season. On more or less level ground they fall and remahi under 
and around tlie trees until, if conditions are favourable 3 germination takes 
place. On hill-sides where there is an hisufficient soil-covering of grass or 
other plants to hold them up, mauy fruits are washed down the slopes early 
in the rainy season. The chief transporting agoncy of teak seed is water, and 
this accounts in part for the fact that teak often springs up gregariously on 
alluvial llats, whither the fruits are conveyed in the season of lloods and 
doposited in quantity. 

(2) Factortt injlumcing germination. Given a suiricieut degree of moisture, 
tbe cliief factor innuencing germination is temperature ; soil-aeratiou is 
a probablc factor, while certain other factors are brought into play in con- 
nexion with the burying of the seed. 

(i) Temperature. A temperature sumciently high to induce ready ger- 
mination may bo produced either by the heat of the sun or by hre. In cool 
sliady places teak seed germinates with dinioulty or not at all, and may lie 
dormant for years, oventually germinating in quantity as soon as the direct 
rays of the sun are admittecl to tho ground by the opening of the canopy and 
the clearing oi: undergrowth. This is amply demonstrated by the regenerative 
operations in the Mohnyiu forest described on j>. 752 and by some of the 
examples quoted below. Mention may also be made of an exi3eriment carried 
out by Mr. Hole at Dehra Dun. 1 Seed was sown on July 2, 1913, in two 
adjacent plots, one open to the sun and rain, the other completely shaded 
from the sun but receiving all the rain which fell : the pereeutage of germina- 
tion was 17 in the former and 1 in the latter. After two years tho open plot 

1 Ind. Eoroster, slii (1916), p. 51. 
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was iull of vigorous seedlings, but of the few seedlings wlhch germinated in 
the shadecl plot none survived. The shade over the latter was reinoved on 
June 28, 1915, and the admission of the sun's heat was at onee followcd by 
the germination of a number of seeds which had lain dormant for two years. 
Numerous instances have been recorded in the f orest of teak sccdlings appearing 
in quantity wliere the canopy has been opened ; some of these aro quoted 
below. Germination is greatly stimulated if the seecl. lies in the opcn 
exposed to a thorough baldng by the sun during the hot season, ancl to the 
alternate soaking and heating which it experiences during the early showers 
preceding the monsoon proper. Germination then takes place chielTy at tho 
begiuning of the monsoon, though in some cases it may contiune throughout 
the greater part of the rainy season. A case of failuro of seed to germinate 
Avhen lying in an area shacled laterally is described below (p. 722). 

The benoncial effect of fire in stimulating the gcrmination of teak seed 
is now thoroughly realized in Burma. Experiments whieh I carried out in 
that proviiice in 1903 and 1904 showed that slight scorching, such as wouid 
occur in a light leaf nre, stimulates germination, but that severe scorching, 
amonnting to eharring of the fruits, destroys the vitality of the seed ; the 
lattcr conchtion is produced by the nring of a tbick laycr of leaves or of 
a somewhat heavy growth of grass. Under natural conclitions the rruits fall 
partly before and partly after the season of nres, and iu burnt forests it is 
probable that a portion of the seed-crop is destroyed by :fire while a poriion 
has its germination stimulated by fire, the net resnlt clopcnding a good deal 
on the nature of the soil-covering. In the case of seed lying dormant in the 
ground, fire undoubtedly has a stimulating effect on gormination, as various 
experiments in Burma in cutting and burning the unclergrowth have shown. 
The measures now adopted in Burma for securing natural roproduction are 
describcd in cletail on p. 755 ; it will be seen that thorough burning is regarcled 
as esseutial to success. The benelicial action of nre is proliably connocted not 
only with the heat producecl by it, but also with its action in cloaring and 
aerating the ground. An experiment in Coorg x maj' hero be referred to, in, 
wliich the uudergrowth below twelve. trees was burnt in tlie hot weather of 
190S, with the result that a large number of natural seecllings sprang up, of 
wluch only 184 survivecl the drip from the mother trees tluring the subsequent 
monsoon. 

(ii) Soil-aeration. In the experiment referrcd to above, Mr. Hole demon- 
strai".od that an admixture of dead teak leaves in fairly heavy loam was 
bencBcial to germination when the soil was kept well aerated and fully ox]>osecl 
to light and air, but was injurious when kept constantly wet. In my cxperi- 
ment at Tliarrawaddy, describecl below, the benohcial elloct of hoeing tho soil 
is clearly shown. Eurther experiments, however, are necessary to dotermine 
the prccise efEects of soil-aeration under clirierent conditions. 

(iii) Burying of ihe seed. Experiments at Dehra Dun, whicli wero repeated 
several times, showecl that seecl lying on the surface of the ground exposed 
to the sun almost invariably fails to germinate owing to the fact that the 
radiclo drics up or is eaten by insects or bircls before it penctrates tlie soil ; 
the drying up of the radicle is particularly liable to occur on hard ground. 

1 For. Admin. Eeport, Ooorg, 1907-8. 
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Actually on bare ground teak seed becomes buried naturally in a reniarkably 
short space of time. Rain ia the chief agent in burying the fruits, but white 
ants frequently devour the outer felty covering, leaving the inner hard nut 
intact, and these insects no doubt assist in burying them. In experimental 
plots at Dehra Dun a quantity of rruits scattered on bare ground in Eebruary 
had almost all become buried before the end of July : on grass-covered ground 
they remained f or the most part on the surf ace uncovered, but liere germination 
was moderately successM owing to the protection from the sun which the 
grass arlorded during the process. The benencial e£fects of. loose soil are due 
in part to tbe fact that it facilitates tlie burying of the fruits. A covermg of 
half an hich or less is quite surncient, seed buried deeper germinating more 
tardily. 

(iv) Cotnbinations o/ jadors. An experiment which I carriecl out at 
Tharrawaddy, Burma, in 1904, throws some light on certain combinations of 
factors innuencing the germination of teak. Eight adjacent plots were markecl 
out m the open, exposed to the full effect of the suii's heat and light. In each 
plot 100 teak seeds, not treated in any way, were sown. Iu six of the plots, 
which may be termed A, sowing was carried out on April 13, that is, before 
the first showers, and in the remaining two plots, which may be termed B, 
sowing was carried out on June 23, that is, after the monsoon hacl well set in. 
The method of preparatiou of the plots ancl the results of the germination 
were as follows : 

Tectona grand-is : results of germination experiments, Tharrawaddy. 
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Although a single experiment of this kind cannot bcregarded as con- 
clusive, yet it coniirms results obtained in other experiments, and indicates : 
(1) that germination is greatly stimulated if the seed lies exposed to the sun 
from before the commencement of the early showers preceding the monsoou. 
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and that without this early exposure it may fail altogether cluring the hrst 
year, even in the open ; (2) that the best results are obtained by burning the 
soil-covering, hoeing up the soil, and lightly covering tlie seed ; (3) that the 
worst results are obtained in the case oi seecl lying uneovered on ground 
neither burnt nor loosened. 

In this experiment it was noticeable that the seedlings made the best 
start and the weed-growth was retarded most on ground burnt and hoed, 
while on ground not burnt but hoed up conditions were nearly as good. Weed- 
growth was most plentiful on the plots which were neither burnt nor hoed up ; 
on these a tall growth of grass and weeds sprang np early, and by July had 
begun to kill out the seedlings. 

(3) Factars inflwncing the survival and development of seedlings. So far 
as is known tho chief. factors innuencing the establishment of natural repro- 
cluction are (i) light, (ii) soil-aeration, (iii) soil-moisture, (iv) weed-growth, 
(v) grazing, aiid (vi) fire. 

(i) Light is one of the most important factors in the establishment of 
natural reproduction, the teak being a strong light-demander from its earliest 
youth. Although saplings may persist for a time under tho light sliade of 
bamboos and other overhead cover, their development is slow and they become 
readily suppressed. Experiments carried out within recent years in Pyinmana 
and Prome have shown that a sudden infl.ux of light to badly suppressed 
teak saplings, far from causing their recovery, may cause their death. The 
admission of light by the opening of the overhead cover is the main objcct 
of so-called improvement fellings for the beneht of tlie young crop in natural 
forest. In Burma, where bamboos play such a proniinent part in the com- 
position of the forests, excellent teak reproduction is often seen in areas where 
elejmants have been herded for some time m connoxion with timber extraction ; 
tliese animais perform a useful service in breaking down the bamboos and 
admitting light and warmth to the ground, with the result that teak soedlings 
sometimes spring up ancl establish themselves in. a manner suggesting a well- 
stocked plantatioii. At the same time elephants, if kept longer than is necessary 
in such areas, may undo the good thoy have done owing to their propensity 
for damaging young teak poles. Intensive bamboo exploitation has a similar 
eiieot in stimulating teak reproduction. Again, along the sides of dragging- 
paths, on hre-lines and iu other openings through the forcst, natural reprpduc- 
tion tends to spring up freely (see Pig. 274). Along the sides of dragging-paths 
and wliere exploitation has beeu in progress the breaking up of the soil no 
doubt also acts favourably, apart from the admission of light. Mr. R. Bourne 
bas noted an interesting case of the adverse effect of side shade in oiie of the 
Nilambur plantations. Part of the Aravillicava plantation was clear-felled 
in 1917, aud natural reproduction sprang up in, quantity in July ; in places 
the seedlings werc so dense that it was hardly possible to step without treading 
on them. This clear-felled area bad aheady been planted up the previous 
month and the new plantation was weeded without damaging the natural 
seedlinga. In this clearing were two areas on which shade was cast for a con- 
siderable jieriod in the morning by the adjoining plantations, which were 90 to 
110 ft. high. Here not only did no natural seedlings spring up within the 
area sliaded after 8 to 9 a.m., owing to the temperature necessary for germina- 
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tion being insumcient, but the planted seedlings showed niarkedly poorer 
growth in that area than they did in the open. On the edge of the clearing 
the drip irom the overhanging trees in the adjoining plantations certainly 
afrected the young plants ; but in the shaded areas the breadth affected ancl 
devoid of all natural reproduction was in places as much as 130 ft., and it is 
therefore beyond question that the absence of natural rejjroduction and the 
inf erior growth of the planted seedhngs were the direct result of the lateral shade. 

(ii) Soil-aeration is a term which may for the present be applied, for want 
of a better one, to certain conditions which have a marked effect on the 
establishment or failure of natural reproduction. Under this head may be 
included the tendency of teak seedlings to rot in excessively moist or water- 
logged situations, and where damp weed-growth exists ; the mortality from 
this cause during the rainy season may be very high. The wholesale death 
of seecllings during the rainy sea.son owing to the drip from overhead trees 
may possibly be attributable, in part at least, to the same cause. It has 
sometimes been attributed to somc toxic effect in rain water falling from teak 
leaves, but this is mere conjecture. Whatever the precise nature of the ad-verse 
innuence may be, it is a well-known fact that seedlings are killed o£E in large 
q_uantities by the drip from overhanging trees, ancl that anything short of 
complete clearance of the overheacl canopy is liable to residt in high mortahty 
among teak seedlings in forest at all approaching a moist typo. The aeration 
of the soil by loosening has a marked effect on the development of young 
plants, and in dry locahties it is a useful means of stimulating a strong and 
healthy growth which enables seedlings to survive drought. In the experirnent 
alluded to above, Mr. Hole found that an admixture of dead teak leaves in . 
fairly heavy loam was' benehcial to the growth of teak seedlings when the soil 
was kept well aerated aud fully exposed to light and air, but was injurious 
when kept constautly wet. The vigorous growth of teak seedlings on the sites 
of olcl charcoal kilns ancl on patches of burnt debris is probably attributable 
to the aeration of the soil in such places. Soil-aeration plays an important 
part in the establishment of seedlings under the system of mulching described 
in the next p>aragraph. 

(iii) Soil-moisture. Denciency of soil-moisture is one of thegreatest obstacles 
to the establishment of natural reproduction in many parts of the Indian 
Peninsula, particularly in forests of a dry type. Seedlings often appear in 
cmantity at the beginning of the monsoon, but have to eontend against weeds 
during tho rainy season, with tho result that those which survive the struggle 
are weakly plants, which succumb to drought during the ensuing dry season. 
Any measures which will tencl to j)romote vigorous growth during the early 
lifo of the seedling are likely to aid it in surviving the effects of droughtj and 
the measures first tried with success by Mr. W. E. Copleston in the HaUyal 
teak pole forcsts in the drier parts of the Kanara district and now 
adopted in other parts of Bombay, have proved to be an effective 
method of securing the survival of natural seedlings in localities where under 
ordinary circumstances they are liable to perish from drought. The survival 
of the seeclliiigs is secured by a system of suriace mulching. The mulch 
consists of a small armful of green twigs with leaves, grass, or even dead 
material, the refuse of the fellings, spread in a ring round the plant ; on this 
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are thrown two or three ■ spadef uls of earth. Acoording to Mr. Copleston, 1 the 
soil round the plaiits is not loosened, and the two main objects of the mulch 
are (1) to keep the soil round the plants free from weeds, for whieh purpose 
a six-inch layer of grass and leaves, with a very little soil to keep them in their 
place, is sumcient to keep the ground olean for a whole year ; (2) to secure 
tlie loosening and aeration of the soil by worms and insects, for after the 
mulch has been down a month in the monsoon a mass of worm-casts and 
much tunnelling by insects may be found under it. The class of forest to which 
this system of mulching is applied is thinly stocked j>ole f orest of teak on diy, 
hard, stony gronnd ; the rainfall is only about 30 in. The results are remark- 
ably good, for in coupes where formerly no seedlings survived it is possible 
to establish from 200 to 300 per acre at a cost of between Rs. 3 and Rs. 4 per 
acre. This method of tencling natural seedlings has recently been tried in the 
Melghat, Berar ; in open places the results were good, but where there was 
any drip from oyerhanging trees the seedlings failccl to survive. 

(iv) Weed-growth. The intolerance of teak seedlings to suppression by 
weeds has already been alluded to under ' the seodling ' ; weed-growth is one of 
the most serious obstacles to the establishment of natural reproduction, whieh 
in areas where weeds are prevalent can be secured in quantity only by means 
of systematic weedings conimenced in the first rainy season and continued 
regularly until the plants are freo from the risk of suppression. 

(v) Grazing. If not heavy, grazing appears to favour the reproduction of 
teak rather than otherwise, by keeping down heavy grass and undergrowtli. 
Erperiments were carried out in 1914 in the Warclha district, Central Provinees, 
in which cattle were admitted into coppice coupes which had been closed to 
grazing for three years after felling. This resulted in little or no injury to the 
tcak coppice or seecllings, but one year's grazing stimulated such a rank growtii 
o£ Cassia Tora and Indigofera glandidosa as to threaten iurther teak repro- 
duction. 

(vi) Fire. In the drier types of teak forest, such as those met with 
throughout a considerable part of the Indian Peninsula, fire is admitted to 
have an adyerse iniluence on the establishment of teak reprocluction, which is 
greatly assistecl by hre-protection. In many of the moister types of forest, on 
fche other hand, it has uow been provecl beyoncl doubt tliat indiseriminate fire- 
protection exercises au aclverse inuuence on teak reprocluction by encouraging 
the growth of interior species, bamboos, and dense undergrowth at the expense 
of the raore iire-resisthig and light-dernanding teak. We are uot concerned 
here with the question of damage done by fire to the standing crop, or to the 
eilect it is sometimes held to have iu impoverishing the soil ; nor are we 
concernecl with the effect of hre-protection on the drier bypes of forest, but 
only with its effect on the moister types of teak-bearing forest constituting 
most of the best teak areas in Burma and along the Western Ghats. ' lii the 
latter region the advorse effects of continued hre-protection in the moister 
types of teak forest have been noticed for some years past, but the matter 
has reeeived more attention in Burma than elsewhere owing to the large extent 
ancl the great importance of the moister types of forest, wliere the teak reaches 
its best devolopment. 

1 Ind. ForoBtei', xlv (1919), p. 82. 
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Fig. 274. Natural reproduotion of toak along olcl dragging-path, 
Pyinmana, Upper Burma. 




I^Ri. 275. Korost of Briinhum 'pnh/morphi, nevor Hre-prokeeCerl, u1tli iiutimil roprothicliioii oi 
toak on the groiind, ThiirriiWiuUly, Biirnui,. 




Fig. 276. Denso young growth of Oephalostachi/um pergracile unclor Bambusa polymorpha 
in forest whioh h,is beeu Jire-proteoted for 14. yenrs, Tlnirrawiddy, Burma. 
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In Burma the precise effects of annual burning and of continuous fire- 
protectioii on the condition of the forest and the undergrowth are easy to 
ohserve. Where, as is usual, bamhoos form as it were the matrix of the forest, 
lire-protection has the effect of greatly increasing the luxuriance of the hamhoo 
growth, so much so that the establishment of teak seedlings, even if germination 
were possible, is out of the question. Figs. 275 and 276 respectiyely show 
typical forest of Bambusa polymorpha and Cephalostachyum pergracile, the 
former never rire-protected and containing teak reproduction, and the latter 
successfully nre-protected for fourteen years, during which time so dense 
a growth of bamhoo has taken possession of the ground that teak reproduction 
is quite unable to establish itself . Longer periods of fh'e-protection show even 
greater changes, and in many cases the forest becomes converted from a 
deciduous to an evergreen type by the encouragement of sensitive evergreen 
shade-bearers. In annually burnt teak forests of the type under consideration 
the seedlings, it is true, may be burnt back year after year, meanwhile 
developing thick root-stocks, but their wonderful power of recovery enahles 
them to survive, and even to gather strength with each successive burning 
backj until eventually the time comes when the seedlings are able to survive 
the burning and to establish themselves as strong healthy plants. 

The desirability of extending fire-protection throughout all classes of teak- 
producing forest in Burma was first called in question by the late Mr. H. Slade 
in 1896. 1 The interest in the matter which was thus awakened resulted in 
a mass of evidence being collected, the great bulk of wluch affords ample proof 
that in the moist types of teak-bearing f orest indiscriminate fire-protection is 
detrimental to, and may entirely prevent, the natural reproduction of teak, 
and that if it is continued it is likely to result in the total disappearance of 
teak throughout large areas of the most important class of teak-bearing £orest 
in Burma. The recognition of this fact lias resulted in the abandonment of 
fire-protection over considerable areas where its results are lmown to be 
detrimental to the rei^roduction of teak. It may be of interest here to examine 
some of the evidence which has led to this step being taken. 

The first actual enumerations made with the view of comparing the stock 
of yonng teak trees in fire-protected and burnt forest respectively appear to 
have been those which I carried out in 1905 in two adjoining plots, one inside 
aiid the other outside the external fire-line of the Kadinbilin reserve in Tharra- 
waddy .- The f ormer plot, 37 acres in area, hadbeen successfully protected from 
flre f or thirty-two years, and the latter had never been fire-protected. The plots 
wexe typical of the usual moist mixed forest of the Pegu Yoma, the bamboos 
being Bambusa polymorpha and Cephalostachyum pergracile. Prior to the 
introduction of iire-protection, both plots must have been precisoly the same 
in appearance ancl character ; at the time of the enumeration, however, pro- 
longed hre-protection had greatly increased the deusity of the bamboos in 
the protected plot. There was a sumciency of teak seed-bearers in both plots 
to secure ample reprocluction under favourable conditions. In both plots 
bamboo extraction had been carried on f or many years, and in the fire-protected 
plot improvement fellings had been earried out twice, and dibhlings of teak 
seed had been made. Everything therefore favoured a plentiful crop of young 
1 Ind. ]?orestor, xxii (1896), p. 172. 2 Bid., xxxi (1905), p. 138. 
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teak in the protected plot, Iiad conditions for its establishment been favour- 
able. The enumerations revealed the following number of teak poles, saplings, 
and seedlings in each plot : 

Tectona grandis : emuneration of natural young teak in hre-protected and 
unprotected plots, Tharrawaddy. 

Number calculated for 50 acres 
in eaoh case. 

Kre-protected Unprotected 

Olass. plot. plot. 

I. Poles 1 ft. to 2 ft. in j (a) Sound ... 174 135 

girth ( (Z>) Unsouud and dead . 109 29 

IT. Poles and sapliuga im- \ (a) Sound ... 24 141 

der 1 ft. in girtli I (b) Unsound and dead . 121 37 

III. SeedlingB 62 010 

These ngures reveal the fact that. although the larger poles, which had 
established themselves prior to the days of nre-protection, were more numerous 
in the protected than in the unprotected plot, the seedlings — mauy being 
young plants which had been burnt back f or some years and were only establish- 
ing themselves by degrees— were ten times as numerous in tlie unprotected 
as in the protected plot. A striking fact, which was wholly unexpected, was 
the large proportion of unsound and dead saplings and poles in the protected 
as compared with the unprotected plot. This was due to suppression by the 
bamboos ; in the unprotected j:>lot weakry stems had to a large extent been 
killed back by fire and replaced by strong regrowtli. In theprotectedplot the 
proportion of poles killed outright by suppression amounted to about 75 per 
cent. of the total number of suppressed and dead stems, and the rcmainder 
Avere so badly suppressed that there Avas no hope of their ever recovcring. In 
the unprotected plot the sound poles were vigorous, bore no sign of fire damage, 
and had little to fear from future suppression, the bamboo clumps having been 
kept well apart by the annual burning ; the unsound and dead poles appeared 
to have sutTered not from fire but from suppression in placcs Avhere the bamboo 
growth was particularly IuxHriant. 

These enumerations giA'e some idea of the holocaust of young teak plants 
which takes place in typical moist mixed teak forest in Burma as a result of 
prolonged fire-protection. Unwilling to aecept the tigures as conclusive, 
I appealed at the tinie for fnrther evidence as to the cffects of fire-protection 
in different localities, and such eviclence has been iorthcoming. In 1907 
Mr. F. Beadon Bryant recorded the results of enumerations made in 1906 in 
various Avorking plan sample plots. aggregating 275 acres, inthe Tbarrawaddy 
forests. These plots had previously been enumerated when the Avorking plans 
were prepared twenty-one years before ; some of them had meanwhiie been 
fire-protectedfor many years, others had been protected for a few years, and one 
had not been protected at all. Mr. Beadon Bryant's results connrmed those 
yielded by my enumerations, namely that prolonged fire-protection results 
in a marked decrease iu the number of young teak trees in forests of the moist 
mixed type. 

Similar re-enumerations have since been carried out in various parts of 
Burma, and the results have been recorded mainly in forest administration 
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reports. Tlie tigures so recorded do not always appear to bĕ based on sufficiently 
comprehensive data, but there is enough reliable evidence to connrm in 110 
uncertain manner the oonclusions previously arrived at, to the effect that 
prolonged fire-protection in the moist types 01 teak forest is detrimental to 
the establishment of teak reproduction. As an indication of the adverse 
effects of fire-protection in certain of the forests of the Ruby Mines district, 
the following extract, which describes the condition of things after seven or 
eight years of successful fire-protection, may bo cpioted from the working plan 
of the Maingtha, Kunchaung, and Nanme reserves : x 

' The etEect of fire-protection here is that the undergrowth, naturally very 
dense and consisting largely of evergreen speeies, is renderecl still denser : m 
icabo 2 areas it is almost impenetrable, while in tinwa 3 areas on high ground, 
where light enters more freely, a heavy undergrowth of dwarf tiniua springs 
up. The result is that (1) teak seeds lying on a cold bed of decaying vegetable 
matter do not receive suiYicient exposure to light and heat necessary to germhia- 
tion, seedlings are practically non-existent, and no new root-stocks are formed 
whence shoots may annually endeavour to establish themselves, (2) shoots 
ou old root-stocks are more liable to suppression than they are in uon-fire- 
protected forests. In drawing these conclusions it has been obfserved that 
trees grown direct from seedlings are practically never found in either nre- 
protected or non-fire-protected areas : i'eproduction consists entirely of shoots 
on old stocks, some very old, some only a few years old. These shoots are less 
plentiiul in nre-protected than in non-nre-protected areas, but in neither are 
they eommon except where breaks in the undergrowth aud low overhead 
cover have been formed, usually by removal of bamboos or groups of teak in 
semi-evergreen forest. But the most eonvincing part of the experiment 4 has 
taken place in the forest in the neighbourhood of Dogyaung, Asugyi, and 
Kwehaungdon villages, where bamboos have been heavily cut for a great 
number of years. In this locality, on the one hand, splendid groves of sound 
small teak trees of a girth of one or two feet may be seen which sprang up as 
the result of bamboo-cutting in the days when nre-protection had never been 
thought of ; they are not merely chance groups, as they occur freely over 
several compartments. On the other liand, although bamboos have been cnt 
just as regularly and probably more heavily during the last eight years since 
iire-protection was instituted, there are now only a few fair patches of repro- 
duction, and no considerable uumber of seedlings or stool shoots to be found 
on corresponding areas ; and they ought to appear in still greater numbers 
if firo-protection is to be justified.' 

These romarks are the more interesting in that the writer, Mr. Walsli, 
admits having commenced his observations with preconceived ideas ' that 
correct conseiwancy of every type of forest included tlie prevention of fire '. 

Although it is now generally agreed that continuous iire-protection is 
detrimental to, and may eutirely prevent,the natural reproduction of teak in 
the moist types of teak-bearing forest in Burma, our knoAv!edge of the subject 
is by no means complete. The value of fire-proteotion in the dry tjrpes of teak 
iorest in the Indian Peninsula is f ully admitted, and tliere is in all probability 
a stage between the mois1;er types and the driest types in Bnrma in whieh fire- 

1 Working PJan for tho Maingtha, Knnoliaung, and Nannie Besei'ves, Ruby Minos Division, 
H. L. P. Walsh, 1906. 

2 Dendrocalamus IlamiUonii. 3 CcpMoslach/um pergracile. 

* The protection of these forests is desoribed by the writer of tlie working plan as ' a gigantie 
experiment 'whieh has eost half a lakh of rupees '. 
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protection ceases to be injurious and commences to be benencial to the natural 
reproduction of teak. That stage, however, still remains to be determined. 

Some examples of natural reproduciion. ProliSc natural reprodnction of 
teak often springs up on abandoned sliifting cultivation. This is to be seen 
in certain localities in the Indian Peninsula, notably in the Melghat, and is 
frecmently observed in Burma, where abandoned taungya clearings often 
become covered with a thiek and even-aged growth of almost pure teak, in 
many cases resembling a well-stocked plantation. 

The following extract from the annual forest rejjort of Burma for 19 1.5-16, 
referring to unclassed forest adjoining the Nansaung reserve in the Mansi 
i'orest division, describes a condition of aitairs often met with under similar 
conditions in Burma : ' Taungyas have been freely cut in this excluded portion, 
and the result has been that wherever the clearings were made the natural 
regeneration of teak is splendid, and we have patches of teak varying in age 
from two years to thirty which are as good as some of the best plantations in 
the Tharrawaddy division, and this without any expenditure at all.' 

In Upper Burma the origin of puro even-aged natural crops of teak, other 
than those on alluvial bends of. streams, may in a large number of cases be 
ascribed to abandoned cultivation, and there i>s little doubt that the Mohnyin 
forest of Katha, consisting in places of pure teak of large dimensions, originated 
on land which went out of cultivation during the connicts betweon the Burmans, 
Shans, and Chinese towards the end of the sixteenth century . The main f actors 
which appear to favour the reproduction of teak on abandoned cultivatiou 
are (1) the great yitality of the seecl, which may accumulate and remain 
dormant iu the soil for years prior to the clearing of the 1'orest for cultivation : 
(2) the clearing and burning of the forest and undergrowth and the cultivation 
of the ground, with the consequent aeration of the soil and the admission of 
the sun's heat aucLlight, and the eradication of weeds ; (3) subsequent annual 
burning — since tliese areas are not iire-protected — which favours the tealc 
against competitors. 

The remarkable effect of complelie clearing followed by weeding, in tlie 
stimulation of natural reproduction, is illustrated in the regenerative opera- 
tions carried out in the Mohnyin forest, aucl described on p. 752 (see Figs. 287 
to 290). At Nilambur the clear-felling of mature toak j)lantatious aiici the 
l)urning of del^ris are followed by abundant crops of natural teak seedlings 
which spring froni seed lying dormant in tlie grouncl. 

A remarkable instance of profuse natural reproduction is to be seon in 
a plantation of teak, mixed in places with sissoo, on well-drained alluvial 
ground at Bamgarh in the Gorakhpur district, United Provinces. This locality 
is well outside the natural habitat of the teak, and the trees are not particularly 
good specimens as regards either size or shaj>e. The plantation was formed 
iu 1873-4, and naturai reproduction had already begun to appear betbre 1893, 
when the plantation was under twenty years old. At present wherever there 
are ojjenings in the canopy, dense thiekets of young teak of all sizes up to 
over 20 ft. in heigbt are to be found. Figs. 277 and 278, the former showing 
young iilants up to 3 :Et. high, and the latter older plants, give an idea of the 
remarkable profusion with which reproduotion springs up where the eover is 
sumciently light. The chief factors which have caused this reproduction, 
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wliich is unusual in plantations, are probably a soil consisting of well-aerated 
and well-drained sandy loam, comparative absence of heavy weed-growth, 
and tlie open nature of the plantation, which contains fairly large gaps. 

Bamboos play an important part in connexion with teak reproduction, 
particularly in Burma, where the nature of the bamboo growth exercises 
a marked etTect. Thus under the heavy shade of a dense growth of Bambusa 
polymorpha or Oxytenanihera albociliuta natural reproduction is rendered 
imjiossible owing to the heavy shade, while under the lighter shade of Dendro- 
calamus strictus or Cephalostachyum pergracile, or where bamboo extraction 
or elephant grazing has reduced the canopy of the bamboos, reproduction is 
sometimes plentiful. The periodical Aowering and dying of the bamboo, 
provided the forests are not nre-protected, is lmown from actual observations 
in Burma to exercise a marked stimulus on the establishment of teak repro- 
duction. Measures for aiding the reproduction of teak in bamboo tracts are 
dcscribed on pp. 756 to 761. 

Akthtccial EEPRODt7CTiow. The question whether or not the iormation 
of teak plantations is justinable on silvicultural or nnancial grounds has on 
oeeasion been the subject of discussion. Opponents of the poliey declare 
that plantations aro silviculturally unsound, since teak is not naturally a 
gregarioua tree, and that plantations are more esposed to insect attacks than 
teak in natural forest ; again, plantations were curtailed in Burma some years 
ago on the grouncl that the staff and labour available were insumcient to cope 
witli the work of thinning extensive areas of plantation. It is true that teak 
is not usually gregarious, tliough pure crops sometimes spring up on alhwial 
nats and on abandoned eultivation, but if pure plantations are objected to, 
mixtures are always possible. Plantations are no doubt more liable to insect 
attacks than isolated trees ; yet although the Nilambur plantations are 
regularly defoliated, they have nevertheless proved a great hnaneial and 
silvicultural success. On tlie other hand, it is by no nieans certain that the 
mixing of teak with other species can always be relied on to prevent inseet 
clamage ; it is certainly dis]5roved by a case recorded from' Nortli VelIore in 
1917, 1 in which a group of 15 teak trees planted in the miclst of mixed forest 
were attacked by Pyrausta, every leaf being skeletonized ancl the caterpillars 
being founcl. everywhere ; there were no other teak trees within miles. In 
Burma the so-ealled bee-hole borer is a more serious menace than these defolia- 
tors, ancl if some effective means of dealing with the pest cannot be deyised 
it may be advisable to mix the teak with other species or to limit the size of 
the blocks to be plantecl with teak, separating them by fairly wide bclts of 
natural forest or by plantations of other species. 

Mr. C. F. C. Beeson has found that attacks of bee-hole borers are worse 
in pure r)lantations than in mixecl forests rich in teak ; he has also founcl 
that a dense undergrowth of bamboos, and particularly of Bambusa poly- 
morpha, acts protectively, lessening the severity of the bee-hole attaek. The 
borer can, according to Mr. Beeson, be clealt with to some extent in the conduct 
of thinnings. Thus (1) if trees marked in thinnings are felled before the end 
of the year, the borers in those trees will clie ; (2) the removal of domhiated and 
suppressed trees not required in the crop removes a considerable proportion 
1 Conaervator df Foiests' Inspection Note, 19.17. 
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of borers ; (3) the earlier the thiniiings are commenced and the shorter the 
intervals between them, the lower will be the incidence of the borer. 

The labour opiestion is eertainly a diniculty in some localities, and planta- 
tions have to be limited accordingly, but the want of an adequate staff cannot 
be taken seriously as an excuse for not torming plantations, since the remedy 
is obvious. It has been held that plantation teak is inferior in quality to natural 
teak, but Mr. Pearson has eamed out two sejjarate sez*ies of tests with planta- 
tion teak from Burma, in both of which it was found that the timber was in 
point of strength in no way inferior to natural teak. 

Wherever conditions are suitable, on the other hand, there are strong 
arguments in favour of teak plantations. It is obvious that land which is made 
to yield, say, 40 mature teak trees jDer acre after about 100 years or less is 
being utilized to much greater advantage than the same land which under 
natural conditions yields only a few mature trees per acre in 150 years or more. 
Again, the cost of tending, upkeep, and supervision for a given number of 
trees is much reduced by the concentration of work possible in the case of 
plantations, and this results in more rapid growth and a considerable reduction 
of the rotation, which means a great hnancial gam. Experience in Burma has 
shown that taungya plantations formed on correct lines cannot be approached 
f or cheapness as a means of increasing the stock of teak, and that the hnancial 
prospects of such plantations are decidedly good. Einally the nnancial results 
of the Mlambur plantations, cpioted below, should remove any doubts as to 
the desirability of forming teak plantations, always provided care is taken 
regarding important dctails such as tho choice of site, the extent of area 
planted, the method of formation, a suitable mixture of species or isolation 
of planted blocks where the attacks of insects, and particularly the bee-hole 
borer, are to be fearcd, eareful tending throughout tho life of the plantation, 
and other matters. 

Particulars of some teah planlations. Teak plantations have been formed 
to a greater or less extent in many parts of tho natural region of this tree as 
well as in localitics outside its natural habitat. A short aceount of some of 
these plantations may be of interest. 

Central Provinces. Small plantations exist iu various chstricts. In 
thc Sipna valley of the Melghat forest division of Berar about 1,000 acres 
were planted between 186S and .1870. 

Bombmj. A good deal of planting has been done from time to time in 
diueront localities. Thc earhest plantations formed were those at Sulgeri, 
Kadra, and Mardi in the Kalinaddi valley in North Kanara. The Sulgeri 
plantatiou was started in 1S67-8, and continued until 1881-2, by which time 
the area amounted to 410 acres. The Kadra plantation was commenced about 
1865 or 1866, and continued until 1881-2, when the area aggregatecl about 
200 acres. The Mardi plahtation Avas commenced in 1869-70, and an area 
amounting to 102 acres was planted at clifferent times. The spaciug was 
9 ft. by 9 ft. Tho success of these plantations has been variable. Most of 
the planted area is on laterite, with very shallow soil in places, and here the 
growth is poor or complete failure has resultecl. The plantations also appear 
to have suilered from want of tending in the earlier years, and from the fact 
that thinnings were too long clelayed. Considoring that much of the area has 
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proved a failure, the cost lias been extravagantly higli ; the expenditure on 
the Kadra and Mardi plantations up to 1908-9 is reported to have been as 
much as Rs. 150 per acre, while the receipts amounted to Rs. 16 per acre. 

Madras. Teak plantations have been formed from time to time in yarious 
parts of Madras, but by far the inost important plantations are those in the 
Mlambur valley in South Malabar. The Nilambur plantations owe their 
inception to the foresight of Mr. Conolly, Collector of Malabar, who in 1840 
foresaw the shortage of teak hkely to occur through the depletion of the 
natural forests, and urged the formation of teak plantations in the Nilambur 
valley, a proposal which was approved by Government. After three years 
of experimental work, regular clear-felling of the existing foreet and planting 
with teak was started in 1844 ; this work has been oontinued more or less 
steadily ever since, though no planting was done from 1877 to 1885. The total 
area planted up to 1918 was approximately 6,500 acres. 

The Nilambur valley is an ideal situation for teak plantations. The 
plantations are situated at an average height of about 100 ft. above sea-level. 
The valley is surrounded on three sides by hills, of which the highest, the 
Nilgiris, rise to 8,000 ft. The village of Nilambur itseh is about 45 miles by 
road from the coast. The normal rainiall at Nilambur is 109 in., and the 
shade temperature varies from 80° to 90° F. throughout the year. Over 
much of the area the soil is a deep fertile well-drained alluvium admirably 
suited for teak ; this is intorrupted at intervals by patches of laterite, often 
in tlie form of low liills or undulations. Retweeu the best alluyial soiJs and 
the laterite, various gradations of soil occur. The laterite produces teak of 
poor cmality, and in many places the teak has failed altogether ; henee it 
has been decided, as a result of the experienee gained, to avoid planting on 
laterite areas of poor quality during the second rotation. The Nilambur 
valley is drained by a good noating-stream which nowe into the sea at Beypore, 
immediately to the south of Calicut, and the outturn of the plantations can 
be delivered at the coast at the low cost of 2a. 6p. per cubic foot, inelusive of 
all charges. Much of the timber rinds its way in small trading vessels to 
Persia and Arabia, where poles as well as larger timber are much in demand. 
Planting has been earried out in large contiguous blocks, and hence the 
Nilambur plantations have not had to contend, so far as cost of upkeep goes, 
with the adverse conditions from which so many of the Burma plantations 
have suffered by being scattered in small isolated patches amidst natural f orest. 

The Nilambur plantations have proved a conspiouous hnancial success. 
In 1912 the nnancial results to date were worked out, and it was ascertained 
that after allowing 4 per cent. compound interest on all receipts and charges the 
total revenue, expenditure, andsurplus amounted respectivelytoRs. 56,22,090, 
Rs. 54,79,531, and Rs. 1,42,559 ; the total planted area was then roughly 
6,000 acres. The rotation has rocently been fixed at seveuty years, and the 
tinal fellings of the first rotation have already begun. The not surplus for the 
year 1917-18 was Rs. 2,75,532 for the 6,500 acres planted, or Rs. 42-4 per acre 
per annum ; the future surplus is estimated to be over Rs. 30, and may possibly , 
reach Rs. 40 per acre per annum. The results would havo been even better 
but for the fact that the planted area contains a cortain proportion of laterite 
outcrops and badly-drained ground where teak has failed. 
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Average figures of outturn, for the Nilambur plantations will be found 
belowinthe yieldtable (p. 763) given under ' statistical '. In 1917 the largest 
teak tree in the plantations had a girth of 9 ft, 8 in. and a height of 135 ffc. ; 
it was situated in one of the earliest plantations, in the lruvallikava block. 

Pigs. 279 to 283 show typical esamples of plantations of various ages at 
Nilanibur. 

Ooorg. The oldest teak plantation in Coorg is the Karmad plantation, 
startecl in 1868 and extcndecl gradually till 1875. Its total area is 197 acres, 
of which in 1918 about 120 acres were estimatecl to be fairly well stocked with 
teak. The formation of this plantation does not appear to have been carried 
out on correct lines, in that the existing forest growth was incompletely felled, 
and tho plantation suffered for many years from the presenco of ovcrheacl 
troes ; cleanings ancl thinnings wero also neglected to some extent. The total 
expenditure on tho plantation from 1868 to 1918 amounted to Rs. 26,948, or 
Ra. 136 per acre. Kumri (laungya) plantations were started in 1891, and have 
been continuecl subsecpiently ; many of these are very thriving, though some 
have sutrered for want of tending. These plantations have been raisecl from 
nursery transplants, but latterly direet sowings under the Burma method 
have been tried with good results. 

Travancore. Bourdillon states that teak plantations were eommeneed in 
Travancore in 1866-7, and have been gradualiy extended since then, the 
aggregate area in 1908 being 2,666 acres. He mentions that the fina.l ileilings 
are expected to be made in the ninetieth yoar ; also that it has been oalculatcd 
that after charging 4 per cent. interest the sale of thinnings will pay off all 
expendituro by the seventieth year, and that at the time of. tho final felling 
in the ninetieth year there will be a balauce to the good of Rs. 0,887 per acre, 
representing an annual proht of Rs. 76 '6 per aere from the commencement. 

Burma. Teak plantations wero coinmenced in Bunna in the fiftios of 
last oentury, one o.f the oldost being the Thinganninaung plantation on tho 
uppei' Winyeo river (Ataran) in. Tenasserim, which was started about 1856. 
8everal of tho olcler plantati.ons are associated with the name of Dr. Branclis. 
Among theso may he mentioned the Myodwin plantation situated, ou flat 
aliuvial ground about ten milos east of Zigou in the Tharrawaddy district. It 
was extonded subsequeutly in 1885-0, and again about 1904. Tho old planta- 
tions were llormecl by cloaring and burniug thc oxisting jungle and digging up 
the ground ; in 1862 seed was sow.n in l.ines 6 ft. apart, in 1863 nursery trans- 
plauts were pui: out 3 ft. by 10 ft., and in 1804 seed was sown 3 ft. by 10 ft. 
The plantation of 1.904 was iormed under the taungya systom, seed being sown 
with a spacing o:l: ft. by 6 ft. Another plantation Cormed by Dr. Brandis is 
that of Kangyi, about six miles east of Zigon ; this plantation, which is also 
situated on alluvial ground, was formed in 1864-5, and has produced a girth 
incremont o:l: at least 1. inoh per aiinum. Another old plautation is that at 
Kywemakaing u\ thc Kadinbilin roserve, Tharrawacldy. It was oommenced 
in 1867, when an area of 58 acres was planted, and in 1S69 it was increased 
by 86 acres, making a total of 144 acres. The spacing was chieny 6 ft. by 
6 ft., with a small area 10 ft. by 4 ft. This plantation is on hilly ground, and 
although the success varies it is goocl on the whole. It has proved exj>ensive, 
since the original forest was folled and burnt departmentally without any 




Fiu. 279. Teak plantation 14 years okl, Ramalur block, Nilambur, Soutli Malabar. 



7:12 










^Affi 






TOS 



w H f M w»-«W iB 



m 






M 







k5 



o 
3 



o 



R 










TECTONA 733 

cultivation of JRelcl crops. The cost amounted to Rs. 112 per acre up to 1884, 
and Rs. 120 per acre up to 1904. 

The earlier Burma plantations were formed without the aid of field crops, 
and have accordingly been designated ' regular plantations '. The idea of 
combining the raising of teak with the practice of shifting cultivation (taungya), 
so prevalent among the jungle people of Burma, originated with Dr. Brandis, 
though the credit of applying it in its practical details in the Tharrawaddy 
forests appears to belong to Colonel W. J. Seaton, who was in charge of those 
forests from about 1863 to 1870. Taungya plantations were commenced in 
Tharrawaddy on a small scale in 1869, and since 1873 have been extended 
almost continuously. These plantations have proved a eheap and etheient 
means of raisiug teak plautations on a large scale, and are admirably adapted 
to tlie habits of the jungle population. They have been formed extensively 
in many parts of Burma. In 1917 the total area of teak plantations, including 
6,021 acres of teak mixed witli cutch (Acacia Catechu), was 71,731 acres, of 
which no less than 68,364 acres consisted of taungya plantations. 

Details regarding the method of formation and tencling of laungya planta- 
tions, with hgures of cost; are given below. The mistake of scattering these 
plantations in small isolated blocks is referred to ou p. 733 ; but for this 
mistake the potential value of the teak plantations of Burma as proht-earning 
concerns would be much higher than it is. There is nevertheless a great future 
before the iaungya system in Burma, provided dehnite concentrated blocks of 
forest are set asicle for planting up under rcgular schemes ; in particular the 
conversion of blocks of evergreen or semi-evergreeu foreet iuto proritable teak 
l^lantations holds out considerable promise. The labour difficulty might be 
got over where possible by the establishment of forest villages ; the necessary 
increase of staff f or purposes of supervision could well be j ustiued on hnancial 
grounds wherever tlie choice of site has been caref ully made. Perhaps the only 
serious obstacle to the extension of teak plantations, as far as labour con- 
ditions will permit, is the risk of encouraging the spreacl of the bee-hole borer. 
This danger is suniciently real to form a valid reason for avoidmg pure planta- 
tions of teak over large areas and for tinding suitable species for growing in 
mixture with the teak. 

United Provinces. The plantation at Ramgarh in the Gorakhpur district, 
which has regenerated itself in a remarkable manner, has already been referred 
to. Recently teak has been tried in connexion with afiorestation work in 
ravine lands in the Etawah district, and has shown rapid growth in the earlier 
years. Teak trees are planted, and grow moderately well if they escape frost, 
as far north as Dehra Dun. There is a small plantation at Lachiwala in the 
Dun, but itdias been cut back repeatedly by frost, and may.be regarded as 
a complete failure. 

Bih&r and Orissa. Within recent years teak plantations have been f ormed 
in the Puri district, 

Bengal. There is a plantation at Bamunpokri in the Darjeeling tarai, 
and a small oiie, dating from 1869, in the Lower Tondu forest near Gorumara 
in the Jalpaiguri district ; both of these have suceeeded fairly well. The 
latter was at one time reported to be a faihu*e, but when I visited it in 1915 
I found it looking healthy, although it appeared to have sutTered from want 
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of early tending. It is situated 011 well-drained saiidy loam along a high 
bank ; the rainiall here is about 160 in., and frost is unknown. At the time 
of my visit it was 46 years old, and the trees were iound to have an average 
and maximum girth of 3 ft. 9 in. ancl 5 ft. i in. respectively, omitting sup- 
pressed stems, whieh is a fair rate of growth. The Sitapahar plantations along 
the Karnafuli river in the Chittagong hill tracts were oommenced in 1872 and 
continued in subsecjuent years, but a severe cyolone in October 1897 devastated 
the plantations and destroyed a large proportion of the troes ; within recent 
years further plantations have been formed under the taungya system in this 
locality, ancl plantation work is being continued on a fairly large seale. 

Assam. The Kulsi teak plantations in the Kamrup district, formed in 
1872 and following years, have clone well ; there is also a plantation at Makum 
near Dibrugarh. 

Andamans. Teak plantations in the Andamans .were started in 1883 
ancl continued spasmodically. From 1883 to 1889 teak and padauk {Ptero- 
carpus dalb&rgioides) were raised in mixfcure, but tlie former outgrew and 
suppressed the latter. The teak has done well both on padauk soil and on ever- 
green soil, but rather better on the former than on the latter. The cultivation 
of teak promises to be highly successful, and to be more remunerative than 
that of tho indigenous padauk ; the growth is uearly, if not cmite, up to the 
average for Burma. Tlie earlier plantations wero formed by transplanting 
from the nursery, and the lator ones by direct sowing. 

AraJcan. Tliere is a small plantation dating from 1825 on fche Tliade 
stream bohiud 8andoway. In 1915 there were 106 trees in it, of which seven 
were over 7 ft. in girbh, the largest being 12 ft. 3 in. in girth. A plantatiou 
formed about tJie same timo in t,he plaius noar Taunggok in the Sandoway 
district is reported to have been a failure. Thero is a plantation in the Uthalin 
valley clating from about 1870. In the Akyab subdivision there are numbers 
of small plantations formod bobween 1S72 and 1875. In 1918 the number of 
plantatious dating from before 1900 was about 100, aggregating 195 acres, 
tlie largest boing 32 acres, while many of them werc less than 1 acre in area. 
Erom 1900 onwarda plantatious have been extended oonsiderably, and on 
suitable well-drained sites the growth is good. 

Ghoice oj site. Tlie importanco of careful solection of sites for teak planta- 
liions lias not always been fully realized. Perhaps tho most ossential factor is 
good drainage, shi.cc baclly drained ground, or ground liable to inundation for 
many days at a time, is totally unsuitable for the growth of teak. Laterite 
should be avoided if the rock is anywhere near the surface ; this is well illus- 
tratecl a,t Nilambiu', where the plantations formed on low laterite hills have 
not procluced anything but small-sized trees, and in many cases»have proved 
an eniire failure. Similaiiy poor shallow soil should be avoided, since although 
teak can persist ou such grouncl the trees remain stunted, and plantations 
lormocl in such localities eannot be expected to prove hnancially successful. 

Teak can be grown snocessfully ou ground which is not naturally teak- 
producing, even within its habitat. Some of the most promising teak planta- 
tious iu Burma have been formed on groimd whioh previously supported 
evergreen forest. The soil of tropical evergreen forest being particularly 
fortile, the growth of the teak on sueh ground is often very good ; the growth 




Pig. 281. Teak plautation 54 years olcl, Elanjeri block, Nilanibur, South Malabar. 
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of weeds and climbers is likewise luxuriant, ancl lienee weedings and cleanings 
in plantations on ground formerly ocoupied by evergreen forest are a specially 
heavy item. Plantations can be formed with great success on well-drained 
alluvial ground, as witness some of the plantations of Burma and Nilambur ; 
early prognostications notwithstanding, the trees on such ground have satis- 
jiactorily maintained their soundness throughout their life, and are in some 
cases approaching maturity. On alluvial ground, however, great care is 
neoessarj 1 - to carry out repeated climber-cutting operations, as climbers often 
grow in great profusion in such places. Savannah lands are, as a rule, unsiut- 
able for the forrnation of teak plantations. 

The size of a teak plantation is, from a imancial point of view, a matter 
of great importanoe. In Burma, witli its wealth of plantations, a cardinal 
mistake has been made in soattering these in numerous isolated patches/ some 
only one or two acres and others several acres in extent, in the midst of natural 
forest. Many of these have been lost sight of, and have perished owing to the 
rapid enoroachment of the surrounding bamboos and jungle. Those which 
survive have been saved only at the cost of periodical cleaning of their boun- 
daries at frequent intervals, the surrounding jungle being thus kept at bay. 
In the case of small scattered plantations the cost of such work soon outweighs 
any possible return to be derived ultimately f rom the plantation ; on this 
account many of the Burma plantations must be written down as a rinancial 
loss, while many of the smaller plantations have disappeared entirely, their 
site being marked only by the remains of the boundary-boards, which serve 
the purpose of tombstones. In a moist climate like that of Burma, where any 
clearing is quickly invaded on all sides by the luxuriant surrounding forest 
growth, and where the boundaries of plantations have to be repeatedly eleared, 
it is well to fix a minimum area to plant up in the course of one or more years 
in one selE-contained block. Only by this means will the boundary be short 
enough, in comparison to the area of the plantation, to bear the cost of periodical 
clearing. In Burma this minimum area was fixed some years ago at 25 acres. 
In this respect the Nilambur plantations have been formed on sounder lines 
than the majority of the Burma plantations, as they are for the most part 
comprised in blocks of considerable extent. This defect in the Burma planta- 
tions has been due largely to an exaggerated notion that no forest should be 
cleared for the formation of plantations which contains any teak trees. This 
argument, however, can hardly hold in view of the fact that in place of a few 
scattered teak trees the ground will be made to support perhaps forty trees 
of valuable species to the acre at maturity, allowing for a suitable mixture of 
other trees besides teak where the bee-hole borer is to be feared. The sparing 
of a f ew isolated teak trees can certainly never justify the financial loss involved 
iii scattering the plantations in small isolated blocks. In dry climates such 
as those met with in many of the teak-bearing traots of the Indian Peninsula, 
this rule regarding the size of plantations would not hold to the same extent, 
if at all, except in so far as concentration for purposes of tending and upkeep 
is concerned. 

Spacing. The spaoing now almost universally adopted in Burma is 6 ft. 
by 6 ft.,' this giving even growth all round and being close enough to produce 
a complete canopy in a few years. In the earlier plantations in Burma spacings 



736 XLVI. VER,BENACEAE 

of 12 ft. by 3 ft. and 9 ft. by 4 ft. were common ; tlie plants are thus fairly 
close together along clehnite lines, and weeding is facilitated, but the canopy 
takes longer to close up than in 6 ft. by 6 ft. spacing. Xn the Tharrawaddy 
plantations of 1876 and 1877 belts of teak consisting of three lines 6 ft. apart, 
each belt separated by an unplanted strip 30 it. wide, were tried ; in 1878 
wider belts were formed, eight lines 6 ft. apart being plantcd, and unplanted 
strips 30 ft. wide being left between the belts. This system was apparently 
found unsatisfactory, as it was chscontinuecl. 

In the Nilambur plantations a spacing of 6-|- ft. by 6-| ft. has been the 
general rule ; a spacing of 6 ft. by 6 ft. was adopted for a time prior to 1904, 
but it was afterwards decided to plant with a spacing of 8 ft. by S ft. on nrst- 
class soils and 6 ft. by 6 ft. on second-class soils. Wide spacing, however, has 
now becn given up, and the rulo in recent years has been to plant 6|- ft. by 
Gi ft. on soils of good cmality, and 6 ft. by 6 ft. on soils of poorer quality. 
Although wide spacing is more economical than close planting, reckoning the 
cost of planting an acre at a given rate per plant, at Nilambur it is said to 
have resulted in a fair proportion of the trees being f orked at a height of 20 to 
25 ft. from the ground. Mr. P. M. Luahington, again, notes that the extra 
cost of close planting at Mlambur is recovered from the nrst thinnings, and 
tliat close spacing has a great advantage in proclucing straight clean stems. 
Another result of wide spacing is that weedings have to be continued longer, 
and give more troubie, than in the case of close planting, so that expenditure 
saved in the cost of formation has to be added to the cost of tending. This 
was found to be the case in Coorg, where a spacing of 10 ft. by 10 ft. was tried 
at one timc, but was discarded owiug to tho troublo given by weecls. In 
Travancore a spacing of 15 ft. by 15 ft. was tried during the first few years of 
plantation work, but this was afterwards discarded for a spacing of 5 ft. by 
5 ft. or 6 ft. by ft. 

Preparation of seed. In most parts of India it is customary fco subject teak 
seed to some form of preliminary preparation in order to hasten germination, 
without which the seed is ibund to lie dormant for a year. Provided the seed 
is sown well before tlio early showers preceding the monsoon, such preparation 
is not always necessary ; it is not orclinarily resorted to in Burma, and the 
results are all that ean be desired. In India many diUerent plans are adopted. 
At Nilambur soaking for 48 hours before sowing in the nursery is found to 
give good results ; thc soaking is effected by placing sacks of seed in running 
streams. Exposing the seed to the weather for a whole year in the open has 
been found successlul in Bombay. In Kauara sced sown in beds early in 
April, and watored daily until the rainy season, lias been found to germinate 
fairly well, though some of thc seeds lie dormant for a year. Mr. L. S. Osmaston 1 
has describocl a mcthocl which has given, uniformly excellent results in Satara, 
whoro the ramiall is about 24 in. A hole large enough to hold all the seed is 
dug in April in a sunny spot, nlled with seeds, covered with a layer of earth 
1 in. thick, and thoroughly drenched with water every third day for six weeks. 
Tho seed is then taken out ancl spread in the sun for three weeks, by whicli 
time the rainy season is about to commence, when the seed is sown and germina- 
tion takes place readily. Another plan, successfully triecl. in Surat, is to 

1 Ind. Joroetor, xsxiv (1908), p. 534. 
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Fra. 2S3. Teak plantation 65 years old, Moolathamanoo block, Nilambur, South 
Malabar : tree with man at base 7 ft. 8 in. in girtli. 
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subject the seed to alternate soaking in water for twenty-four hours and drying 
on the ground for f our days, repeating this process for a fortnight ; the seed 
is then placed in a hole in the ground and kept moist until gerniination begins, 
whqn the germinating seeds are removed daily and sown. Slight charring 
has been found to stimulate germination, but tkis method is not to be recom- 
mended, since the vitality of the seed is destroyed if the heat is too intense. 
Mr. E. M. Hodgson * ia Surat found that soaking for twenty-four hours in 
lukewarm water prior to sowing iiwariably mduced gerroination in twelve to 
twenty-four hours. A method which is said to give good results in Bombay is 
to nll a pit with alternate layers of seeds and earth 1 in. thick, cover it with 
earth, and keep it well drenched with water for about a fortnight ; the seeds 
and earth are then mixed well together and watered until germination begins. 
A method tried with success in Ceylon is to spread the seed in a layer 4 in. 
thick on a mat in the sun and keep it constantly watered ; germination starts 
in about three days, and the germiuating seeds are removed daily and sown 
in the nursery. This method should be carried out only in fine weather, since 
the seeds are apt to rot if kept too moist without being exposed to the sun. 
Tn an experiment carried out by Mr. H. Tireman in Coorg in 1916 good results 
were obtained by placing the seeds between gunny-bags in April and watering 
them well ; germination commenced in 13 days, and ceased 26 days later. 

Oovering of seed. The depth to which seed, whether sown in the nursery 
or direet in the f orest, should be covered with earth is a matter of some impor- 
tance. A number of exi3eriments which I carried out at Dehra Dun, in which 
seed was covered to various d.epths up to 2 in., showed that the best results 
are obtained by covering it to a clepth of less than -|- in. These experiments 
were repeated several times, and the result obtained in each case was the 
same. 

Nursery treatment and transplanting . Teak may be raised either by direot 
sowing or by the transplanting of seedlings which are raised as a rule in the 
nursery ; the former method is the more usual in Burma and the latter iu 
India, though direet sowings appear to have come more into vogue in India 
within recent years. The methods of raising teak seedhngs in the nursery 
vary in detail. Seedlings may be transplanted the year of sowing or may 
be kept in the nursery for a year. In the former case any injury to the root 
should be avoided, and sniall-sized seedlings should therefore be used, but in 
the Iatter case the plants will stand prnning of the taproot, provided the stem 
is also pruned down. 

The method which has been employed for raising most of the plantations 
in the Nilambur valley is as f ollows : 

Seecl-beds are formed near the area to be planted ; good free soil is 
selected, dug to a depth of 3 ft, and broken into fiue mould, after the removal 
of weeds, roots, and stoues. An edging 3-4 in. high is constructed round the 
beds, which have a width of about 2|- ft. between edgings. The seed is cohected 
in TTebruary from vigorous trees and sown about the 7th to 15th April ; before 
being sown it is soaked for 48 hours in water. About 240 lb. of seed, sown 
broadcast, sunice for 150 ft. length of bed. The seeds are covered with earth 
to a depth of -|-f in., and the beds are then covered with straw, a few leaness 

1 Xnd. Poroster. xxvi (1900), p. 279. 
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twigs being placed below the straw to prevent it from mixing with the earth ; 
the object of the straw is to prevent the earth from being washed off the beds 
when watering is in progress. The beds are watered copiously every day, 
and germination takes place in 10-20 days, when the straw and twigs are 
removed. Thereafter watering is carried out more sparingly as the planta 
become stronger. The monsoon sets in, as a rule, in the beginning of June, 
and it is of the greatest importance that the seedlings should be of the correct, 
size, that is, about 3 in. high, with two pairs of leaves besides the ootyledons ; 
the third pair of leaves are usually a good deal larger, and if they have appeared 
they should be nipped off . The larger plants are discarded in favour of those 
about 3 in. high. Planting should always be carried out during continuous 
rain ; if this is not done, or if there is a break of a few days after planting, 
much failure results. Planting should be completed as early in the rainy season 
as possible ; in this case the seedlings reach a height of several feet by the 
end of the season, while those put out late show poor development. If late 
planting is unavoidable, small seedlings which have germinated late are 
selected in preference to larger ones with long thick taproots. The planting 
site is f elled in Deeember, the felled material being allowed to dry until March, 
when it is burnt, the unburnt logs being then cross-cut, piled, and again burnt. 
Lining is then carried out, and after the ground is softened by rain pits 10-12 in. 
eube are dug and filled in with the loose earth, in which the planting hole is 
made with the ]iand or with a bamboo stick at the time the seedhng is planted ; 
the earth is then replaced round the roots and pressed well down, care being 
taken not to placc the seedling in a hollow, but rather to raise it slightly above 
the siUTOimding level of the grouncl, in order to allow for the settling of the 
earth. 

Under this system the cost of formation is somewhat high. Mr. J. Eer- 
guson, who was in charge of the Mlambur plantations for many years, made 
out the f ollowing statement of the average cost per acre of cloaring and planting 
on forest land : 



Weeding undorgrowtb preparatory to felling 
Pelling ....... 

Mring after iolling ..... 

Cross-cutting remains of iirst burning 

Piling and burning off olear .... 

Lining, marking, pitting, and planting out 
Weeding and hoeing round tbo plants 
Second, tbird, and iburtb weedings at Es. 1-4-0 eacli 
Oollection of teak seed ..... 

Proparing, sowing, and watering nursory beds . 
Oontingonoiea ...... 

Total 
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This does not include the cost of superiuteudence. The average cost of 
Hormation is now usually reckoned at Rs. 40 per acre for complete establish- 
ment up to the nrst thinning. Pruning is carried out only in the case of 
unligniried hranches of young plants up to three years of age ; these often 
develop forked stems or produce strong side branches which may be pruned 
off with advantage. 

In some localities, particularly in parts of Bombay, it is customary to 
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keep the seedlings for a year in the nursery beiore planting them out. The 
seedlings are usually pricked out 6 in. apart in the nursery about June or July 
of the first year, when 2 or 3 in. high ; weeded regularly and watered in dry 
weather, at nrst frequently and later as sparingly as possible". They are 
planted out early in the folIowing rainy season, when about a year old, the 
stem being, as a rule, pruned down to about 2 to 3 in. from ground-level and 
the root being trimmed. 

A plan which has been adopted in some plaees is to sow the seed in the 
nursery beds about the beginning of the rainy season and to do no watering 
until about February or March the following year ; this induces germination 
within a short time, and the plants reach a height of about 9 to 12 in. by the 
beginning of the rains, when they are planted out. 

Transplanting natural seedlings. The transplanting of natural forest 
seedlings, to supplement dibblings, has been carried out with success in the 
Katha district of Upper Burma. A remarkably successrul experiment was 
carried out several years ago in the Tharrawaddy forests by Ranger Maung 
San Lon. He cleared and burned a small patch, and in it planted the thickened 
root-stocks of young natural teak plants which had been killed back repeatedly 
by nre or suppression ; the stems were pruned down, the roots were trimmed, 
and the thickened root-stocks were planted somewhat after the manner of 
potatoes. The result was a nourishing plantation of vigorous plants. 

Ranger J. D. Rego x has described the success attending the transplanting 
of natural teak seedlings in the Mundgod pole forests of North Kanara, par- 
ticularly in patches where the refuse of fellings had been burnt. It was found 
that natural seedlings dug up and transplanted showed better growth, probably 
owing to the loosening of the soil, than natural seedlings left in situ and tended 
by mulching in the manner already described on p. 723. For this purpose 
small seedlings 2 to 3 in. high are found to be best ; these are f ound in large 
numbers at the beginning of the rains on fire-lines and roadsides, and the 
supply is augmented by creating small nurseries in the coupes by burning 
leaves and brushwood and aowing seeds on the burnt patches. The best 
results of all are attained by transplanting seedlings into burnt patches, in 
which case they attain a height of 1-2 ft. in the nrst year, and no weeding is 
necessary. Seedlings planted on unburnt ground require weeding for two and 
sometimes for three years. The method of burning adopted is to collect all 
the brushwood and felling refuse into heaps, which are burnt during the hot 
weather immediately after a shower of rain, when there is little fear of the 
fire spreading. 

The Burma taungya system. This is the system which has been almost 
universally employed in Burma for many years past, and has proved a most 
emcient and economical metliod of forming teak plantations. It consists in 
dibbling teak seed along with neld crops in temporary forest clearings and 
tending the crop of teak after the neld crops have been reaped. One of the 
most important operations connected with this system — and the same applies 
to any system of clearing f orest land for plantation purposes — is to secure as 
complete and thorough a burning of the felled material as possible before 
aowing the crops and the teak. This is well uuderstood by the taungya-ciitterB, 

1 Ind. Eorei3ter, xliii (1917), p. 197. 
D d 2 
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and it means all the diSerence between success and 1'ailure. If tlie burning is 
not thorough, half-burnt logs and stumps encumber the ground, preventing 
regular planting and hindering subsequent weeding. Thorough burning 
eonsumes all the felled trees and many of the stumps, as well as the seeds of 
weeds and climbers, prevents regrowth from felled trees and bamboos, and 
euriches the soil with the ashes. In order to ensure thorbugh burning the forest 
growth should be felled early in the cold season, and the felled material 
should be carefully protected from nre through the cold and hot seasons. 
It should then be burnt late in the hot season, by which time it will have 
become reasonably dry, but care should be taken not to delay the burning 
unt.il the early showcrs preceding the monsoon, otherwise complete burning 
may be impossible. In this way a nerce connagration results, and the felled 
material is thoroughly burnt ; any material which is not consumed is collected 
into heaps and burnt again. 

As soon as the burning is nnished the lining out is done, bamboo stakes 
being inserted in the ground at the required distanees. The teak seed is then 
sown, three seeds as a rule being sown at each stake and very lightly covered ; 
the sowing should be completed before the monsoon breaks. At the same time 
a small nursery is made at a coiwenient place in the clearing from which 
seedlings are obtaiued to nll up gaps where failures occur. The neld crops, 
which are sowii about the same time, vary ; hill rice is the commonest crop, 
but in some localities maize, sesamum, or other crops are grown. The hnes of 
young teak recpiire to be kept iree from suppression by the crops and by weeds ; 
the cultivator attends to this. About December or the beginning of January, 
after the field crop is reaped, the lines of teak are oleared by the ctiltivator- — 
or ya-cutter, to give him his usual name — and all bamboo stakes which have 
been lost are replaced by fresh ones. An enumeration is then made of all the 
living plants and all the blanks or dead plants ; this enumeration is carried 
out under close supervision by men provided with split bamboo tallies on 
which eaoh plant is nicked olf in turn. Payment is made to the ya-cutter 
usually at the rate of one rupee for every hundred living plants found at this 
enumeration. With a spacing of 6 ft. by 6 ft. the number of plants per acre 
is approximately 1,210, and the cost of formation for a completely stocked 
plantation, including weeding during the nrst season, amounts to about Rs. 12 
pei 1 acre. In localities where there is much demand. f or taungya land the initial 
cost can be reduccd or even eliminated altogether. . In the northern parts 
of Upper Burma taungya-cu.ttevs are paid nothing ; they do all the clearing, 
burning, and weeding during the first year without payment. 

The system of forming taungya plantations varies in detail, but that just 
deseribed is commonly in vogue in the lorests of the Pegu Yoma. In some 
localities the area is cultivated for two years in succession, teak seed being 
sown the second year. The weeding and cleaning of taungya plantations is 
a matter of great importance, and is referred to below under ' tending '. 

The cost of taungya plantations has varied considerably in the past, but 
it should be comparatively small if the work is properly carricd out and 
supervised. 

In the case of the Tharrawaddy plantations the average cost, as worked 
out a few years ago, is as Mlows : 
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Fic!. 286. Toalc lniini/ija plautation 9 yoars old, roady for 
first tbinning, TJrarrawaddy, Burma. 
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Tectona graiulis : average cost of taungya plantations, Tharrawaddy. 



Age. 


Operations. 


^eais. 




1 

2 
3 
4 

7 
10 


ITormation . 
Weeding 


Cleaning 

Oleaning and thiimmg 


15 

20 


Cleaning 
Thinning 


25 
30 


Cleaning 
Thinnmg 



Coat pei aere. 
Rs. a. 
10 

2 

2 

1 8 



40 



Tliinning 



2 

2 8 

2 

2 

2 

2 

3 



Rs. 15-8 

Rs. 20 

Rs. 24 

Rs. 28 
Rs. 31 



In the rnore accessible plantations of Tharrawaddy the produce oi thinnings 
begins to be saleable at an age of 20 years, and it is reckoned that the whole 
eost of the plantation, with compound interest to date, is recovered in 40 to 
50 years ; this, however, is not the case in all the plantations either of Tharra- 
waddy or of other localities. Generally speaking it may be said that it ougkt 
to be possible to establish taungya plantations and bring them through the 
weeding stages up to say the fifth year, at a cost of not more than Rs. 20 
per acre. 

Fig. 284 gives a general view of a young teak taungya plantation ; Mg. 285 
shows a well-stocked young plantation ; and Mg. 286 shows a plantation nine 
years old, ready for the first thinning. 

Kumri plantations in Goorg. The taungya, locally known as kumri, method 
of f.orming teak plantations has been practised for some time in Coorg, the 
work being done mairdy by the Kurumbars. Teak seedlings are suppliecl by 
the Forest Department, and these are planted out by the Kurumbars free of 
cost with their crops, which consist usually of hill rice and ragi (Hleimne. 
coracana). The area is again burnt and cultivated a second year, casualties 
among the teak being replaced ; the burning is f ound to stimulate the growth 
of the teak. The Kurumbars tend the plants until they are 2£ years old, ancl 
then receive payment at the rate of Rs. 1-4-0 per hundred surviving plants ; 
this includes payment for the collection of teak seed. 

Recently direct sowing after the Burma plan, instead of transplanting, 
has been tried in the Jeumris of Coorg, and the results have proved successful 
providecl sowing is done as soon as possible after the clearings are burnt, in 
order to obtain the benent of the early showers in April and May. Weedings 
are carried out for the lirst two or three years. 

Line sowings with fielcl crops. Mr. L. S. Osmaston x has described the 
results of experimental Iine sowings of teak and other tree species along with 
iield crops in the dry parts of the Bombay Deccan, where the normal rainfall 
is about 20 in. He states that in his experienco the only successful method of 
restocking these dry tracts is by means of agriculture combined with forestry ; 



1 Ind. Forester, xxxiii (1907), p. 265. 
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the success in any year, howeyer, depends largely on the rainfall. It was found 
better to entrust the work to lessees than to carry it out departmentally. Two 
clifferent methods were tried, in both of which a two-years lease was given ; 
the field crops employed were sesamum, cotton, and lesser hemp. Under the 
rirst method the lessee cultivated field crops during the first year, and sowed 
tree seeds along with the crops during the second year, carrying out two weed- 
ings during the rainy season ; one line of tree seeds was sown alternately with 
three lines of field crops, and,the lines being about 1 ft. apart, the lines of tree 
species were about 4 ft. apart. Under the second method the tree seeds were 
sown in the first year of the lease in broad strips of four lines each 1 ft. apart, 
alternating with strips of field crops 8 ft. broad ; the lossee cultivated field 
erops between the strips of tree seedlings for a second year and also weeded 
and sowed up blanks in the latter. 

The first method had been tried only for a short time, but the results of 
the second method were promising, teak plants having attained a maximum 
girth and height of 6-| iii. and 15 ft. respectively in 3|- years. In departmcntal 
sowings carried out on this principle the cost of formation during the first 
3-J years, including collection of seed and weeclmg but not cost of supervision, 
amounted to Rs. 28-11-0 per acre, while the receipts from the produce of 
the field erops amounted to Rs. 32 per acre, leaving a profit of Rs. 3-5-0 
per acre. 

Broadcasl sowing. Variable results have been attained with broadcast 
sowing. Where heavy weed-growth is not to be feared this method has been 
found to be clecidedly successful as well as cheap, but whcre much weeding 
has to be carried out spacing in regular lines has usually been found preferable. 
Broadcast sowing, again, is suitable only for more or less level or gently sloping 
ground ; on steep slopes broadcasted seed is liablc to be washed away. In 
the Magwe district of Upper Burma, where tlie elimate is dry, and heavy 
weed-growth is not so prevalent as in the moister districts, remarkable success 
has been attained by broadcast sowings of teak in taungyas. Here field crops 
are eultivated for two years, and this no doubt helps to eradicate weods ; 
the broadcasting of teak sced in the second year has resulted in well-stocked 
crops of teak. Mr. F. A. Leete l has advocated the more general ado^otion of 
]>roadcast sowing in Emrna, and mentions that he has tried it in Pyinmana 
with great success ; in 1910 he formed plantations hab° in regulaiiy spaced 
lines at Rs. 10 per acre and half broadcast at Rs. 2 per acre, and in January 
1912 he iound equally good results in both. He notes that on steep slopes 
dibbhng in hnes is preferable, since broadcasted seeds are hable to be 
washcd away. Subsecpient reports from Pyinmana, however, indicate 
that these broadcast sowings gave some trouble in weeding, and in 1916 
they were not so uniformly stocked as in the case of sowings in regularly 
.sjjaced lines. 

In June 190S broadcast sowing of teak along with paddy was carried out 
in unprotected forest uear Hmyachaung in the Tharrawaddy district ; the 
area was burnt in 1909, and at tho end of May 1909 two sample plots showed 
1,360 and 1,760 seedlings per acre. Very little weeding was found necessary, 
and the cost amoim.ted to about Rs. 2 an acre. This method imitates nature 
1 Ind. JToreater, xxxviii (1912), p. 374. 
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in the matter of restocking abandoned cultivation with crops of teak, and 
deserves further trial. 

A successM experiment in broadcast sowing was carried out in 1896 near 
Pininadi in tbe Mohnyin reserve of the Katha district, Upper Burma. A patch 
of teak forest was heavily girdled, and the area was burnt and sown broadcast 
with teak seed. In the following year blanks were recleared and sown, the 
cover was thinned out, and the area was extended to 7-7 acres. The plantation 
was thinned in 1906, and in 1910 was reported to be well stocked with straight 
poles. 

Broadcasting on ploughed land is said to have given good results in some 
cases in the Satara district of Bombay. 

Dibbling. Under the head of ' dibbling ' may be comprised operations 
f or introducing teak or increasmg its proportion over a given area by placing 
seed in the ground, not over eontinuous cleared areas of some extenfc as in 
the case of ordinary sowing, but m scattered gaps or comparatively small 
clearings within the forest. The dibbling of teak seed in the forest has been 
carried out for many years in varioiis parts of Burma, but there has been very 
little to show for all the time, labour, and money spent on the work. Evident 
causes of failure in many cases are the fact that the dibblings have been carried 
out under cover of a forest canopy, that the seed has been buried too deep, or 
that it has been put into the ground too late in the season. If there is to be 
a reasonable chance of success dibbling should be carried out in open gaps 
or clearings, while the seed should be put into the ground before the com- 
mencement of the early showers preceding the monsoon, and should be very 
Mghtly covered. Even so, the success of the work depends on subsecpient 
regular weedings, and here the trouble and expense of establishing crops of 
teak on any scale by tihis method at once becomes apparent, for however 
carefully the patches of dibbled seed may be manked they are often dimcult 
to fincl subsequently, and the time occupied in searching f or and weeding each 
individual patch of seedlings, should germination prove successful, in the great 
majority of cases renders the expense of this work quite out of proportion to 
the results attained. JMoreover, the seedlings resulting from dibblings in the 
forest seldom show the vigour and rapid growth of those raised in taungya 
plantations, where the working of the soil and its enrichment with ashes 
greatly stimulate growth, and in consequence seedlings raised in forest dibblings 
take longer to outgrow weeds and are therefore subject to suppression for a 
longer time. Again, those plants which survive the, fh'st few years in smali 
gaps in the f orest recpiire constant attention subsequently, f or unless the canopy 
i» kept open, bamboo and other growth being cleared, these plants must 
inevitably become suppressed. 

In a moist clhnate hke that of Burma, dibblings of this kind cannot be 
justihed except for the pmpose of increasing the quantity of reproduction over 
dehnite ai-eas where concentrated regeneration is in progress, and where the 
intention is to remove the overhead canopy within a comparatively short 
time ; in such cases weedings would be carried out systematically over the 
whole area, and the time occupied in searching for and weeding isolated 
patches woulcl be saved. Experiments in Pyinmana have shown that dibblings 
have succeeded better in forest annuahy burnt over than in fire-protected 
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forest. Again, in the Ataran forest division in 1909 teak seed was dibbled in an 
old clearing about one acre in extent, and half the area was allowed to burn 
over, while the remainder was protected from fire ; in the burnt half the result 
was fair, while in the protected hali complete failure resulted. Thia indicates 
that fire may prove to be a useful aid to the dibbling of teak in the moist 
types of forest met with in Burma. 

In the drier types of forest in Bombay dibblings followed by the subse- 
quent loosening and mulching of the soil round the resulting seedlings for two 
or three years has proved fairly successM in places, though better results 
have been attained with transplants. 

Tending of teah plantations. The three main classes of tending operations 
in a teak i^lantation are weeding, cleaning, and thinning. The distinction 
between weeding and cleaning is not always clear, and the application of the 
terms varies locally. As a rule the term ' weeding ' is applied to the removal of 
weeds, often of a herbaceous or shrubby nature, during the earlier life of the 
plantation, and particidarly during the iirst three or four years, while the tcrm 
' cleaning ' denotes the removal of inferior tree species and bamboos which 
threaten to suppressthe teak at a later stage. The term ' thinning ' is used here 
in a purely silvicultural sense, irrespective of whether the operation is remunera- 
tive or not. Except in dry localities, where they may sometimes be dispensed 
with, weedings are essential to the establishment of the young erop. Their 
number, frequency, and intensity depend on the nature and luxuriance of the 
weed-growth, and this in turn depends largely on the rainfall, though other 
factors also operate, for instance the fertility of the soil ; thus weeding is 
usually of a heavier nature on the fcrtile soil which previously supported 
tropical evergrecn forest than on less fertile ground. The procedure for many 
years in the plantations of the Tharrawaddy district of Burma, whore the 
normal rainfall varics from about 60 to 80 in., has been to weed annually for 
four years, ineluding the year of sowizig, and thereafter to weed or clean every 
alternate year until the iirst thinnings, about the tenth year. Thereafter 
cleanings are carried out at intervals of five years. In some cases two weedings 
are necessary duriiig the first year. 

Weeding is always carried out in the rainy season, when weed-growth is 
most luxuriant. In Burma clean weeding is considcred unnecessary, the aim 
throughout the course of wecding and cleaning being to keep the heads of the 
teak plants well free, but not to lay them bare. In the weeding of the year 
after sowing or planting duplicate stcms are removed and badly shaped and 
damaged stems are eut back nush with the ground. In the cleanings inferior 
species and bamboos which threaten the teak are cut out, or it is often found 
sufficient and even desirable to cut them at some distance from the grbund. 
During the weedings and cleanings all climbers are cut, and the bomidaries 
of the plantations should bc kept clear of encroachment by the surrounding 
jungle, if necessary by maintaining a completely clear line round the boundary. 
In the Nilambur plantations the lines are clean weeded during the first season, 
the soil being loosened and the weeds pulled out ; this is found to stimulate 
growth and keep dowu weeds to such an extent that subsecment weeding is 
of a light nature. As a rule there are three weedings in the first year, one or 
more in the seteond year, and none in the third year except in areas of tbe 
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third quality ; on good soils the average height of the teak crop after three 
years is 16 to 22, ft., and weeds are killed out. 

In Java the alang grass (Imperata arundinacea, Burmese iheWi) is a great 
scourge in young plantations. In order to prevent its ingress and to avoid 
the expense of hoeing, Leucaena glauca is sown between the Iines of teak ; 
this plant keeps the soil clean, and is ultimately killed out by the teak. 

The frequency, intensity, and conduct of thinnings in teak plantations are 
matters on which opinions differ to some extent, and the conduct of thinnings 
must naturally vary in detail with local conditions. It is generally held that 
thinnings should commence early, that is, at an age of about 10-12 years, or 
even sooner, and should be carried out hghtly but frequently up to an age 
of about 25 to 30 years, after which plantations should be thinned somewhat 
more heavily and at gradually increasing intervals of time. In fast-growing 
plantations it has been found advisable to thin at intervals of five years. In 
Burma thinnings are ordinarily carried out at intervals of ten years, but it is 
recognized that in the case of the younger plazitations this interval is too long, 
and has been adopted for the time being only because of the paucity of trained 
staff. In Travancore, according to Bourdillon, thinnings commence in the 
seventh year, and are repeated in the ninth, twelfth, sixteenth, and twentieth 
years, and thereafter every fifth year. 

The scheme of thinnings for the Nilambur plantations has been recently 
revised under Mr. R. Bourne's working plan. Generally speaking, in areas of 
qualities I and II, thinnings under this scheme will commence at an age of 
iivc years, and will bc ropeated at intervals of five years up to an age of fifteen 
years, and thereafter at intervals of ten years up to an age of f orty-five years, 
after which no further thinnings will be carried out ; in areas of quality III 
thinnings will commence at an age of ten years, and will be repeated at intervals 
of five years up to an age of twenty-five years, and thereafter at intervals of 
ten years up to an age of f orty-five years, after which no f urtker thinnings will 
be carried out. The first thinning in each case is purely mechanical, every 
alternate plant being removed from the lines in such a way as to leave the 
remaining plants evenly spaced in squares, but each occupying double the 
area it occupied previously. The Iast thinnmg is in the nature of an increment 
felling ; the number of stems Ieft to form the rlnal crop must vary with the 
state of the crop, but the number per acre is roughly 35 on soils of quality I, 
45-50 on soils of quality II, and 65-70 on soils of quality III. The yield table 
given below (p. 763) under ' statistical ' shows the average number of stems 
per acre left after thinning, and the intermediate yields at dinerent ages in the 
Nilambur plantations. 

Mixtnres in plantations. The question of mixtures in teak plantations is 
one which deserves further study. Teak is not a good soil-improver, and it 
would often be advantageous silviculturally, where a natural underwood of 
bamboos and woody species does not make its appearance, to introduce an 
underwood artificially, choosing where possible a useful species whose cultiva- 
tion would be remunerative. Various species have been tried in mixture 
with teak, but where the eompanion species has been introduced along with 
it, one of the two has almost invariably failed through being outgrown and 
suppressed by the other. Where insect damage is to be guarded against, 
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therefore, it would be preferable to create small blocks of pure teak, alternating 
witk similar blocks of other species. Wliere the object is to introduce a soil- 
protection wood or a useful accessory species it would be preferable to employ 
a shade-bearer and to introduce it beneath the teak, thinning the latter out 
more heavily than would otherwise be the case. In Coorg the system, tried in 
recent years, of sowing teak, Dalbergia latifolia, and Pterocarpus Marsupium in 
alternate lines has not proved altogether satisfactory, since the slower initial 
rate of growth of Dalbergia and Pterocarpus necessitates tending f or some time 
after the teak is established, while later these two species outstrip the teak in 
height-growth and may give trouble ; it has therefore been proposed to forin 
pure plantations of these three species in alternate blocks not exceeding 50 
acres in extent. Artocarpus hirsuta has been introducecl below teak with 
considerable success in Travancore, and there are other useful species which 
might be tried iu this way, such as Hopea parviflora or Xylia xylocarpa on the 
west coast and Xylia dolabriformis in Burma. In Java Schleichera trijuga is 
looked upon as a very useful soil-protective species under teak. 

In Burma mixed plantations of teak and cutch (Acacia Catechu) have 
been f ormed on a fairly extensive scale ; these species do not mix well, but 
tend to separate out into pure groups, the teak claiming the ground suitable 
f or it, and the cutch occupying the less f avourable ground. • Wlien such planta- 
tions are made nowadays it is usual, therefore, to mix the two species by 
groups, sowing the teak on the better-drained and more fertile ground and the 
cutch on the less well-drained or poorer ground. Other species which have 
been tried in mixture with teak in Burma are Xylia dolabriformis and Ptero- 
carpus macrocarpus, both on a very small seale, and without suceess ; mahogany, 
which, as was iound also at Nilambur, proved unsuitable for mixture with 
teak ; Gassia siamea, which was sown in alternate lines with teak, soon 
overtopped the latter, and had to bo cut out ; Millettia Brandisiana, result 
not recorded ; and mango, which in course of time disappeared for some 
reason not recorded. In the Katha district of Upper Burma recent experi- 
mcnts have been carried out in interplanting teak with Gassia Pistula, Xylia 
dolabrijormis, Dysoxylum bineclarijerwm, Gmelina arborea, Bombax insigne, 
Gedrela Toona, and Lagersiroemia Flos-lieginae. Of these the last two, and 
particularly Lagersiro&mia, show promise. Gmelina arborea was found to grow 
too fast and to branch too freely for mixture with teak in alternate lines. 

Certaiu mixtures have been tried in the Andamans. Between 1883 and 
1889 teak and padauk (Plerocarpus dalbergioides) were sown 4 ft. apart in 
alternate lines 9 ft. apart, but the teak soon outstripped and suppressed the 
padauk. In 19.13 teak was sown 3 ft. apart in lines 24 ft. apart, padauk aud 
Albizzia Lebbeh being sown broadcast between the lines of teak. In the same 
year teak was planted with a spacing of 12 ft. by 6 ft. with easuarina between, 
but the latter failed. 

Silviotjltueal thbatmhnt. The tending of teak in artilicial crops has 
aheady been dealt with ; it will be convenient here to deal with the manage- 
ment and silvicultural treatment of teak forests under separate heads : (1) 
coppice systems, (2) liigh forest systems of the selection type, (3) high forest 
systems with concentrated regeneration, (4) teak in relation to bamboos. 

1. Goppice systems. In the drier parts of the Indian Peninsula, where 
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teak does not reach any great size, the system of coppice-with-standards is 
largely followed. TMs is particularly the case in the Bombay Presideney, 
where a Iarge proportion of the teak-bearing forests are worked under this 
system. Coppice-with-standards is also the system f ollowed in parts of Madras 
and the Central Provinces. 

In Bombay the coppice rotation hitherto most conmionly adopted is one 
of 40 years, though the rotations actually vary from 30 to 60 years, and recently 
the long rotation of 80 years has been adopted in two of the Kanara working 
plans. The rotation for standards, in the few cases whcre it has been fixed, 
is one of 60 or 80 years, being twice the rotation for coppice. The number of 
standards to be left, according to working plans prescriptions, varies from 15 
to 45 per acre. In the Golihalli-Godoli teak forests of Belgaum the system of 
simple coppice is in force, standards being reserved only where the growth is 
exceptionalIy good. The opiiiion is gaining ground in Bombay that sonie of 
the forests hitherto worked under coppice-with-standards, particidarly the 
Thana forests, could be worked more prontably and successfully under simple 
eoppice with a long rotation, namely 80 years, no standarcls being reserved : 
this does not, however, apply to very steep or poorly stocked hill-slopes. 
This opinion has been formed on the ground that clear-felhiigs are more suit- 
able for teak than any form of two-storied forest, that teak coppices to an 
advaneed age, and that if eultural operations are properly carried out there is 
no necessity to retain seed-bearers. In areas worked as coppice-with-standards, 
again, the opinion seems to be now prevaihng that 15 to 20 standards per 
acre, as a maximum, are ample if the coppice is not to suffer from dommation. 

In the Central Provinces a system known as partial coppice or coppice 
selection ts practised, for the most part in remote coupes where there is only 
a limited demand. Its main object is to replace deteriorating and badly 
shaped stems by straight coppice shoots, and with this end in view such stems 
are coppiced tlush with the ground, even where the coppicing o£ the whole 
coupe is impracticable. At the same time, standards are reserved as in the 
orclmary coppice-with-standards system. The main felling is followed by the 
systematic cutting back of badly shaped or otherwise undesirable stems. 
These cutting back operations for the improvement of the young crop are 
iound to be most useful in the forests of the Central Provinces, where the teak 
is so often misshapen, owing to past maltreatment. 

Although teak coppices extremely well, seedling reproduction in the 
Ceutral Provinces is often very poor, and it is by no means certain that repeated 
coppicing can be carried out indennitely ; this has given rise to some apprehen- 
sion as to the ruture, and has indicated the desirability of introducing seedling 
reproduction artincially in coppice coupes where natural seedling reproduction 
is wanting. 

Mr. A. G. Edie x has recorded the residts of an experiment carried out in 
tlie pole areas of North Kanara to nnd out the effect of thinning out the weaker 
shoots of a stool on the subsequent growth of the remaining and stronger 
shoots. In four plots altogether 131 stools were thinned and 131 left unthinned. 
The resulting shoots were measured the year of thinning and subsequentl3 T at 
an interval of two to four years, but in the case of the unthinned stools only 

1 Ind. Foi'ester, xlii (1916), p. lo7. 
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the dominant shoots were measured, corresponding to those left in the case 
of the thinned stools. The f ollowing statement shows the results of the measure- 
ments : 

Tectona grandis : measurements in thimied and unthinned coppice, North 

Kanara. 

, ., t, . , Inoreniont per annum. 

Interyal aiter Percentage ot . x 

Plot Age at time which remeasure- shoots thinnecl iieigut. . ^ uirth. 

No. of thinning. ment was mado. out. Thinned. Unthinned. Thinned. Unthinned. 

years. years. per oent. ft. ft. in. in, 

1 3 3 64 2-11 249 1-13 1-05 

2 7 2 67 1-05 0'98 0-82 0-62 

3 9 4 .. .. •■ 0'82 0-77 

4 15 4 .. .. •• 045 0-33 

These hgures show a girth increment in favour of the shoots of the tliinned 
ooppice, though the eff ect of the thinning is hardly so great as might be expected. 
Mr. Edie remarks, regarding this experiment, that thinnings in coppiee are 
probably advisable, but that these should not be undertaken until the coppice 
is at least ten years old, partly in order to preserve the cover and partly because 
if shoots are thinned out in young coppice new shoots take their place. 

2. High Jorast systems of the selection type. The treatment undor high 
forest of vast areas in w.hich teak, a strong light-demander, occurs scattered 
among numerous other species in constantly varying types of forest in wluch 
bamboos oiten play an important part, is by no means an easy problem, and 
the method of treatment hitherto applied almost universally to the extensive 
teak forests of Burma and to the better classes of forest ou the west coast of 
india is in no way a solution of that problem. This methocl of treatment has 
been termed the selection syatem, but it is not the true selection system of 
Europe, since it does not provide for the attainment of normality or ensure 
a sutnciency of reproduction, nor does it evon take the silvicultural require- 
ments of the teak into consideration. Briefiy stated, this method of treatment 
consists in working over a given tract of forest in a dohnite 1'elling cycle and 
eutting out those teak trees wluch have reached a certain minimum girth, 
with. the proviso that where teak reproduction is absent, seed-bearers should 
be left ; in most cases the maximum number of trees to be removed in any 
year or period of years is fixed. This system was adopted in Burma in the 
early days of forest organiaation as being the only practicable method of 
utiliaing, under some sort of eontrol, the stock of mature teak over the exten- 
sive areas of forest to be dealt with. As a provisional method of treatment 
it was the only one to adopt nnder the circumstances. Yet with the cxception 
of one or two recent innovations, which will be noted below, it has continued 
to be the system iu 1'orce throughout Burma down to the present day, and it 
must continue to be practised over considerable areas for sorne time to come, 
since the introduction of more rational systems of management over the vast 
areas to be dealt with must take time. 

It has never been denied that the cutting out of all mature teak trees 
irom among their numerous associates will in time lead to a serious diminution 
of the principal species, and henee working plans have prescribed. the removal 
of inferior species in the interests of immature teak of all ages. But in actual 
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practice it has been fomid quite impossible to carry out these iinpiwement 
fellings, as they are termed, on anything like the scale necessary to keep up 
with the f elling of teak trees, more especially smce experience has shown that 
in the case of young teak still in danger of suppression from weeds and bamboos 
a single f elling is insumcient, and cleanings reauire to be repeated, it may be 
several times, before the young teak are out of danger. 

The note of alarm in respect of selection f ellings in Burma was nrst sounded 
after the adverse effects of continued fire-protection on the establishment of 
teak reproduction came to be realized, and the conclusion was reached that 
the combination of continued hre-protection with seleotion fellings would 
ultimately lead to the extinction of teak over large areas of forest. The 
argument that the abandonment of nre-protection will bring about the desired 
result without any alteration in the method of treatment will not hold, f or the 
constant cutting out of the teak, without the possibility of carrying out invprove- 
ment fellings f or the beneht of that speeies on anything like the scale necsssary, 
is bound eventually to deplete the stock of teak. Again. if the reproduction 
and establishment of the teak crop is to receive s^aecial encouragement, some 
regard must be had for the requirements of the species in such matters as 
exposure of the soil to the sun for purposes of germination, clearance of over- 
head cover to afford abundance of light and to prevent mortality from drip, 
and repeated weeding and cleaning. Finally, in most of the forests in which 
teak has hitherto been worked under selection fellings, the proportion of that 
species might be largely increased without imdue risk of insect or JEungus 
attacks, and much iertile ground which is at present unproductive might be 
utilized prohtably. These considerations, apart from other advantages to be 
secured from concentration of working, have within recent years led to a fairly 
general consensus of opinion in Burma that the selection fellings.hitherto in 
vogue should be superseded, when and where cireumstances will permit, by 
some system of eoncentrated regeneration whereby the proportion of teak will 
be not only ensured but increased. 

A brief account of the method of selection felhngs hitherto practised in 
teak forests may be of interest. In Burma it has long been the custom to 
girdle teak trees three years before felhng them ; this girdhng, which consists 
of ringing them completely down to the heartwood near the base of the tree, 
is carried out primarily with the object of rendering the timber buoyant for 
tloating purposes, but it also serves to season the timber before felling and 
extraction. Trees are selected for girdhng, provided they have attained the 
prescribed minimum girth and are not required as seed-bearers, and are 
f elled at least three years later. The exploitable girth most commonly adopted 
in Burma is 7 ft., or 6 ft. in dry types of forest, but in some cases it is fixed 
at 1\ or 8 ft. The age corresponding to a girth of 7 ft. is with very few excep- 
tions estimated to be from 150 to 180 years. The exploitable age is divided 
into a convenient number of periods, whioh actually vary from 20 to 40 years, 
but are for the most part 30 years in duration ; the period is equivalent to 
the cycle during which fellings go completely round the whole area. The 
period is divided into sub-periods, which usuahy vary from four to eight years 
each, and corresponding sub-periodic blocks are laid out on the ground, The 
object of these blocks is to afford elasticity of working, in that girdling is not 



750 XLVI. VERBENACEAE 

contined each year to a definite annual coupe, but may be carried out in the 
prescribed sub-periodie block at any time during the sub-period. 

Tlie better types of teak forest in Bombay and Madras are worked as 
a rule under selection fellings of a similar kind. In Nortk Kanara and Thana 
the exploitable size fixed is a diameter of 18-| or 24 in., or a girth of 6 or 6| ft. 
The rotation, where calculated, varies from 120 to 160 years, and the felling 
cycles adopted vary from 15 to 30 years. The yield is usually fixed by number 
of trees, and in some parts of North Kanara girdling is carried out two or 
three years before felling. 

In the Allapilli forest of South Chanda in the Central Provinces teak 
is worked under selection fellings with an exploitable girth of 6 ft., corre- 
.sponding to an estimated mean age of 175 years. 

Improvement f ellings of the selection type are carried out in parts of the 
Central Provinces and Madras, and in various parts of Bombay, particularly 
in Khandesh. These fellings have f or their object the removal of over-mature, 
badly shaped, and otherwise undesirable stems, and are carried out under 
a dehnite felling cycle, which ordinarily varies from 10 to 30 years, but is in 
two cases as long as 45 years. These improvement rellings are often foIIowed 
by cutting back operations in the young crop, with the object of producing 
straight coppice-shoots. 

It will be convenient to allude here to the tending operations, termed 
improvement fellings, which are carried out as far as staff and labour permit 
in the teak forosts of Burma. These fellings are of two separate classes : 
(1) ' ' improvement fellings, made in the interests of the old crop, and (2) 
' Y ' improvement fellings, made in the interests of the young crop. The 
' O ' fellings are in the nature of a thinning in a mixed crop, and apply to trees 
which have passed out of the polo stage ; they are carried out as soon as 
possible after the extraction following the main fellings, and the intention 
is to repeat them at intervals of 15 years, though this interval is recognized 
to be too long in many cases. The object of these feUings is to free promising 
stems of teak and other valuable species by the removal of undesirable stems 
which are interfermg with their development, care being taken, however, not 
to open the canopy to such an extent as to cause an invasion of weeds. 

The ' Y ' improvement fellings have for their object the establishment of 
stich natural reproduction of teak and other valuable species as may be found 
on the groimd. Theyare in the nature of weedings and cleanings, and consist 
of the removal of weeds, bamboos, and inferior tree speoies which are inter- 
fering with the development of seedlings, saplings, and poles. The cutting 
back of baclly shaped, damaged, or suppressed saphngs is carried out at the 
same time ; it has been found that badly suppressed saplings, if freed, do not 
as a rule recover their vigour, whereas if cut back they may send up strong 
new shoots. Where necessary, undesirable trees in the overhead canopy may 
be removed, provided that the canopy should not be opened to the extent of 
inducing heavy weed-growth which would suppress existing teak seedlings 
and saplings. These weedings and cleanings are carried out as soon as possible 
after the extraction following the main fellings, and are repeated as often as 
necessary and until the young crop is safe from suppression. As these opera- 
tions are of an intensive nature they are conrmed to areas where there is 
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sufficient natural reproduction present to warrant their execution, and to 
areas from which extraction is easy. Within the area operated over, places 
containing no teak, but which are suitable ior its growth, are regenerated 
artificially by the taungya system. These cultural operations, combined with 
artificial reproduction within the areas operated over, are interesting as show- 
ing an attempt to regenerate detinite areas, and may be regarded as a transition 
stage towards the adoption of a regular system of concentrated regeneration 
tending towards the creation of even-aged crops. 

These ' Y ' improvement fellings have now been in operation in Burma 
f or some years, and the experience gained so f ar indieates that they can rarely, 
if ever, justify themselves imancialry if they are carried out in forest under 
continuous fire-protection, and unless they are considered as a means towards 
the complete regeneration of deĔnite areas with the aid of fire and in con- 
junction with the complete removal of overhead cover in the manner described 
below ; even so the taungya system of regeneration has proved to be cheaper 
and more enicient. It has been found that ' Y ' improvement fellings in fire- 
protected forest may be the means of saving from suppression, at considerable 
oost, saplings which 'are already established ;. they do not result in the appear- 
ance of new seedlings. In Tharrawaddy ' Y ' improvement fellings repeated 
for four or five years have been found to cost Rs. 5 to Rs. 10 per acre for 
weeding and cleaning only, without the clearing of overhead cover, which is 
necessary for the proper development of the young growth, and in certain 
cases they have cost as much as Rs. 21 to Bs; 37 per aore when repeated for 
Hve years, with results quite incommensurate with the high eost and far less 
successful than would have been attained at a lower cost by the aid of tcmngya 
plantations. 

3. High forest systems witli concentrated regeneration. Dutch JSast Indies. 
The method of treatment of the teak f orests in the Dutch East Indies has been 
described in a note by Mr. R. 0. Milward. 1 The teak grow.s remarkably pure 
on the chalky soil on which it is commonly found, and efforfcs are made to 
encourage a mixture of other species, of which ScMeichera trijuga is considered 
the most suitable, as it stands shade and keeps the soil in good conditiou. The 
present method of treatment is by clear-felliug in plots of between 25 and 
50 acres, followed by natural reproduction by seed or coppice, which is supple- 
mentcd by artiiicial reproduction. The rotation arrived at is 100 years on 
good soils and 80 years on poor soils, the average diameter attained on the 
former being 2± to 32 in. The trees are girdled two years before felhng. Some- 
times the coupe is burnt over before felling, in order to assist the germination 
of the teak seed on the ground. Burning is in any case carried out after 
extraction is completed, the refuse being piled up against the old stumps to 
prevent the growth of coppice-shoots, which are not desired from these stumps. 
All the smaller stumps are then coppieed. Only one good coppice-shoot is 
left on each stool, the others being bent or half broken down a year or so after 
coppicing, in order to cover the ground. The growth of grass whioh tends to 
spring up on these large clear-felled areas is looked on as a disadvantage, and 
hence, although this system is very successful and comparatively easy, the 
Dutch foresters are on the look-out for some system which will prevent the 
1 Note on the Poreats oi Java and Madoera of the Dutch East Indios, 1916. 
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invasiou of grass, such as natural reproduction in groups. Leucaena glauca 
is sown with the view of keeping down a heavy growth of grass. 

Mohnyin ancl Bilumyo forests. The Mohnyin and Bilumyo f orests in the 
Katha district of Upper Burma have already been described. They are 
situated near each other, on fairly level ground, and have an aggregate area 
of 27,489 acres. Teak occupies less than one-third of the area, but where it 
occurs it constitutes a greater proportion of the stock than is usual in the 
teak f orests of Burma, becoming almost pure in places. The absence of bamboos 
over most of the area further increases the dissimilarity between these forests 
and the usual types of teak forest in Burma. The teak trees attain very large 
climensions, and large trees are much in excess. A feature of these forests. 
which for some time caused uneasiness, is the almost entire absence of natural 
reproduction of teak. With the view of devising means of inducing reproduc- 
tion, experimenta were commenced by the late Mr. J. Messer about 1898 and 
continued for some years ; they were subsecmently carried on in turn bj 
Messrs. McHarg and Blanibrd. These experiments demonstrated the faot 
that abundant natural reproduction, from teak seed lying dormant in the 
ground, could be induced by opening the canopy and by completely clearing 
and preferably burning the undergrowth. They showed, however, that the 
seedlings were rapidly killed oi¥ during the rainy season by the drip from 
overhead trees and by the weeds whieh sprang up. This indicated the pro- 
cedure to adopt, namely, to remove all overhead cover possible, to cut and 
burn the undergrowth, and to weed and clean the young teak crop for two or 
tkree years. Eigs. 287, 288, and 289 show the profusion with which natural 
reproduction of teak is capable of establishing itself under this treatment in 
areas in which it is entirely absent where these measures are not taken. 

A working plan based on tlie results of these experiments was prepared. 
by Mr. BIanford, and came into force in 1910-11, the fellings being prescribed 
for 20 years. The rotation adopted is 180 years, corresponding to an average 
girth of 8 ft., and is divided iuto nine regeneration periods of 20 years each, 
tho periodic blocks being so allotted as to eontain as far as possible an equal 
stock of teak. The working plan prescribed that periodic block I, to be 
regeneratcd iirst, should be divided into four 5-year coupes or compartments, 
corresponding to 5-year sub-periods, regeneration lellings being carried out 
by feliing over the wbole compartment in the tirst year of the sub-period, or 
failing this by the second year, all teak except promising compact groups of 
young trees. This prescription has subsequently been modined to allow for 
annual instead of 5-yearly coupes, in order to ensure complete extraction in 
one year over a deiinite area. The working plan prescribed the reteu.tion of 
exceptionally well-shaped oleau-boled teak below 6 ft. in girtli, even if 
isolated, but this has been found to be unsatisfactory, and is not acted on. 
Tlie aim is to effect as complete a elearing as possible in order to provent 
seedlings being killed by drip from overhead trees. All felled material which 
can be disposed of is at onee extracted, after whiehthe whole area is thoroughly 
burnt, all unburnt material being cut up, piled, and reburnt ; if complete 
burning is not eflected the first year, burning has to be repeated the second 
year. The working plan prescribed burning for two years prior to girdling, 
but this has proved to be a mistake, since it induces the germination of numerous 
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Fm. 287. Natnral rcpmduction ot tenk mdnaed by ctearing over)ieatl canopy, cutting and 
burning undergrowth, and -weeding young plants, Mohnyin, Upper Burma : plants of 2 rains' 
growth. 




Fl<). 288. Natural rcproduction oi teok induced by clcaring overhoad canopy, cutting and 
bnrniiig undergrowth, and weeding young plants, Molmyin, Uppsr Burma : plants of 3 rains' 
growth. 
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l^ra. 289. Natural reproduetion of teak induced by cleariiig oyerhoad eanopy and undergrowl.h, 
Molmyii), IJppcr Biirma : area not Immt Imt wecded regnlarly : plimts oE -l rains' grcwth. 
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Fro. •200. Regononiiion lcllings in Molmyin foiu,st, Kaiha, Uppor Burma : a rogoneratod arci 
aiter the secoml rainy seasou, witli te.uk Keedlings plcntitul : ginlled trees nol, yct removcd. 
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Fra. 291. Natural reproduotion of teak 1 year old. in upper mixcd forest, induecd by clearing 
overheacl covor, eutting baniboos, thoroughly bnrning, and wecdiug the rcsulting teak seedlinga, 
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teak seedlings whicli die owing to want of light and the presence of weeds, 
while the supply of seed lying dormant in the ground is reduced in «uantity. 
The seedlings, which spring up in ahundance as a rcsult of the clearing and 
burning, are weeded from the commencement, and weeding reauires to be 
continued for two or three years, or uutil the yonng plants are safe, after 
which periodical cleanings are necessary. As many as three weedings may be 
required during the hrst rains. It was hoped that annual burning of the 
young crop might serve to dispense with these expensive cleanings, but an 
experiment to this effect resulted in failure. Fig. 290 shows a regenerated 
area after the seeond rainy season, before the removal of the girdled trees. 
All blanks are planted up during the first rainy season with natural teak 
seedlings spaeed 6 ft. by 6 ft. It is not safe to postpone this work for a single 
year, owing to the profusion with which grass springs up on cleared areas. 
Three years after girdling the girdled teak trees are felled and extracted. 
This does great damage to the young crop, and injured stems reguire to be cut 
back. It has, therefore, been decided experimentally to girdle the teak three 
years before the regeneration f ellings, and to fell and extract it immediately 
before burning. 

In periodic blocks II to IX, selection girdlings are preseribed which will 
pass eompletely over the area in the 20 years' period ; no tree under 10 ft. 
in girth will ordinarily be girdled unless it is obviously deteriorating. 

Although the success of this system has been amply demonstrated, further 
experiments are still in progress with the view of reducing the cost of regenera- 
tion and of introducing mixtures of other speoies in order to avoid raising 
pure crops of teak. An interesting account of these operations has been 
written by Mr. II. R. Blanf ord. 1 The results of a recent experiment in regenera- 
tion under the taungya system bid fair to modify completely the operations 
prescribed in the working plan. It has been found that natural reproduction 
of teak, with an admixture of other species, springs up in abundance on areas . 
cleared for temporary cultivation, aud where reproduction is wanting the blanks 
ean be easily nlled up with transplanted natural seedlings. Regeneration 
under the taungya method very considerably reduces the cost ; on a Kachin 
laungya of 22 acres a complete and vigorous young crop has been established 
and brought through the hrst season at the low cost of Rs. 2 per acre. Under 
the prescriptions of the worldng plan as subsequently modined, the cost of 
regeneration from 1910-11 to 1917-18 has amounted to Rs. 40 per acre, which 
is prohibitive, although culturally the work has been successtul ; this may be 
compared with the cost of a very successful taungya plantation formed in 
1910-11, whieh amounted during the same period tp about Rs. 19 per acre. 

JBurma tealc Jorests in general. The great majority of the teak forests of 
Burma are characterized by the presence of an under-story of bamboos which 
greatly affects the treatment. The question of introducing some system of 
concentrated regenoration in these forests was considered at a conference held 
in Burma in 1910. The general scheme o£ management tentatively approved 
by the conference providedfor the division of therotationintoperiods. Periodic 
block I was to be treated under regeneration fellings with intensive weedings 
and cleanings, while the other periodic blocks were to be worked by selection 

^lnd. Forester, xliii (1917), p. 339. 
2307.2 E e ' 
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felliiigs. It was decided that regeneration fellings should consist of one main. 
f elling followed by subsidiary improvement fellings carried out where neeessary 
at intervals of five years. The main fellings would consist of the girdling of 
mature teak trees, with a minimum girth of 7 ft. in moist and 6 ft. in clry 
forest, while other species would be completely cleared over young teak. Thc 
girdling of undersized teak wasnot contemplatcd except where necessary, in 
order to free promising groups of young trees and advance growth. Planta- 
tions and cultural operations, that is, repeated weedings and cleauings, and as 
far as possible also bamboo extraction and road-making, in order to encourage 
the utilization of species other than teak, would be concentrated in this bloek. 
The use of fire to stimulate natural reproduction was also contemplated. In 
the other bloeks it was proposed to carry out selection fellings of teak and 
other saleable species. A system on these lines aims at increasing the pro- 
portion of teak ancl. other valuable species, but not at creating even-aged 
crojss of teak, though it tends towards the ultimate establishment o:f. even-aged 
crops ; at present such crops would be produced only where plantationa are 
ibrmed. 

Siuce 1910 a great deal of uselul experimentai work in the natural regenera- 
tion of teak forests in Burma has been carried out, and as a result the opinion 
is gaiiring grouud that the most satisfactory way in which to treat the uatural 
teak forests of Burma wherever conditions permit is to produce even-agcd 
young crops, though not necessarily pure crops of teak of large cxtent. For 
this purpose complete clearance of the overheacl canopy is necessary, and it 
is accordingly considered advisable as far as possible to conline this inteiisive 
form of regeneration to localities whe.re at least the more valuable species of 
trees other than teak are marketable. For this reason the allotment ancl. 
sequence of. regeneration areas should be made in conjunction with schcmes 
of roads or other export works. It has further been found to be of great 
„aclvantage to reduce to a minimum the time taken to regenerate a givcn area 
eompletely, that is, the time from the first regeneration felliug to tho complete 
establishment of the young crop. Foi" the production of even-aged crops it 
will be necessary to saerihce immature teak trees, but the ultimate gairi, in 
the ]iroduction of a largely increased 1'uture stock of teak, is held to justify 
this sacrihce. Theoretically the areas to be placed in periodic block I, to bc 
regenerated lirst, should be those containing most mature trees and least 
reproductiou. But actually it is considered advisable to maintain a supply 
of mature teak to provide for the outturn some years hence, owing to the 
depletion of many of the important teak tracts by heavy fellings in the past 
and to the diminution of the number of teak trees outside reserved forests 
with the extension of cultivation. This being so, it is held to be preforable 
to regenerate nrst (1) areas which are eapable of proclucing teak of good 
quality, but in which teak is scarce or abseut, and (2) areas containing much 
established reproduction, including plantations. Allotment to other periocls 
is as a rule unnecessary, except that perioclic block II should be allotted 
tentatively and the exp!oitable size in it should be ^ilacecl higher than in the 
other blocks, in order to retain as many teak seed-bearers as possible, and to 
maintain the future yield. 

As regards the method to be employed for regenerating a given area, the 
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methotl of taunuija plantations,from the point of viewof efflciencyancl eoonomy, 
has proved far superior to any other method yet clevised, however successful. 
These plantations should, if properly carried out, seldom cost more than Rs. 20 
per acre to establish completely, and where no rewards are given for raising 
the young crop of teak they should cost a good deal less. Esperiinental work 
in obtaining natural reproduction hy felling, hurning, and weeding has shown 
that crops far less fully stocked cannot be raised except at a considerably 
higher cost than in the case of taungya plantations. For the systematic forma- 
tion and upkeep of these plantations on a large scale the estahlishment of 
forest villages will in most cases be necessary. This will ensure a permanent 
supply of forest labour for work other than that connected with plantations, 
while in addition the food of the labour force will be produced 011 the 
ground. 

Pailing taungya, plantations, experiments carried out iu the upper mixed 
forests of the Pegu Yoma so far indicate the tollowing to be t.he sequence of 
operations neoessary to secure natural reproduction : 

(1) The area should be iire-protected f or two or three years before fellings 
are commenced, in order to ensure a plentiiul crop of teak seed on the ground. 

(2) All trees should be felled or girdled except those recruirecl as seed- 
bearers and compact groups of poles of teak and other valuable species which 
are not too old to form part of the future crop, but all solitary poles, including 
teak, shoulcl be cut, together with all bamboos and shrubby undergrowth ; 
this should be completed. by the hot season. 

(3) The whole area should he thoroughly burnt in the hot season, the 
nercer the nre the better being the results ; it may be necessary to burn again 
for another year or two before a sumcient crop of young teak is secured. 

(4) This felling and burning is usually foIlowed by a good crop of young 
teak and other species where seed-bearers are plentiful and where the hre 
has been iiitense ; all trees standing on the area should be fellecl ancl removed' 
during the cold season folIowing the appearan.ce of the young crop, or if teak 
is notto be felled green it should then be girdled, extraction being carried out 
three years later. 

(5) The young crop should be weeded, usually three times during the first 
rainy season, and subsequently as often as liecessary until it is established. 

(6) After the extraction of girdledteak, damaged young growth should he 
cut baok. 

(7) After the burning the area should be nre-protected as long as weeding 
is neeessary ; thercafter experience should determine whether it is better to 
continne iire-protection or to burn early in the season. 

Eig. 291 gives an idea of the success with which natural reproduction has 
been obtained on an experimental scale in the Saing Yane reserve of tlie 
North Toungoo division by cleariug the overhead eover, felling bamboos, 
thoroughly burning, and weeding the resulting natural teak seecllings. 

A system of concentrated regeneration fellings somewhat on the lines 
just inchcated is being introduced throughout the whole of the hill torests of 
Tharrawaddy. Eor the present the rotation is to he fixed at 120 years, divided 
into six periodie blocks of twenty years each. In the blocks not under regenera- 
tion, subsidiary selection fellings, with thinnings, will be carried out under 
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a felling cycle of thirty years, areas likely to be placed in periodic block II 
being excluded from girdling during tlie first twenty years. 

Tealc forests of the Indian Peninstda. In tlie moister and better types of 
teak forest in the Indian Peninsula, which have hitherto been worked under 
fellings of the selection type, there is scope for the introduction of concentrated 
systems of regeneration such as those which are being introduced in Burma, 
though the details must vary with local conditions. In the drier types of f orest 
a oommencement has already been made in Bombay by the system of tending 
and mulching natnral seedlings in newly felled coupes, combined with artincial 
reproduction. Experiments on similar lines in Berar have indicated the 
necessity f or removing overhead cover to prevent drip f rom overhanging trees, 
and this is a step towards the ereation of even-aged crops over dchnite areas. 

Tlie Nilambur teak plantations. These plantations have recently begun 
to reach maturity, and it has been decided to fix the rotation at 70 years, 
which under eonditions prevailing hitherto produces average girths of 6 ft., 
4 ft. 9 in., and 3 ft. 7 in. on soils of iirst, second, and third craality respectively ; 
under the new seheme of thinnings introduced reccntly thcso girths should be 
exceeded in the second rotation. The manner in which the various soil qualities 
are intermingled on the ground precludes the adoption of dinerent rotations 
for the ditlerent qualities. The system of management is that of clo»r-felling 
with artincial reproduction by replanting. It has been found that on areas 
where clear-felling followed by burning of refuse has been carried out, iilentiful 
crops of natural seedlings, sometimes of great density, make their appearance. 
Thcse crops, however, are patchy, owing to the fact that the seeds are washed 
together on certain parts of the area and may be scarce or absent on other 
parts. The natural crops would no doubt rlourish if left and tended, but it 
has been found better to ignorc them and to replant witli regular spaeing, as 
weeding and early thinning are much facilitated thercby. Hence only tliose 
natural seedlings are retained which are required to replace failures amoug thc 
artincially raised plants, and which happen to be situated somewhcre near the 
blanks to be tilled ; all otlier natural seedlings are treated as wecds and removod . 

4. Teak in relation lo bamhoos. In Burma, as woll as in parts of India, 
the treatment oi teak is intimately connected with a study of tho habits of 
the bamboos associated with it. Some remarks on the habits of bamboos in 
general will be found under Bambusme. In Burma these bamboos are of 
many dilierent species and vary much in character and habit, and the question 
of obtaining adequate teak reproduction, whether naturally or artincially, 
involves many problems whieh are not always easy of solution. It will be 
convenient to cleal with the cpiestion separately from the point of view of 
bamboos which are not in ilower and those which are Howering or have ilowered. 

As regards bamboos which are not in ilower, it has been demonstrated 
on many occasiona iu Burma that natural reproduction of tealc can usually 
be obtainecl by felling the bamboos, opening the canopy and clearing under- 
growth for some distance round seed-bearers, thoroughly burning all the cut 
material, cutting back saplings which are injured by fire, weoding for two or 
tlrree years the teak secdlings which appear on the ground, and subacquently 
keeping them clear of overhead bamboos and other growth. Where thorough 
burning is not carried out> failure is almost invariable. An interesting 
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experiment in the clearing of bamboo, carried out by Mj. A. Eodger in 1916 
in the South Nawin reserve, Prome, may be noted. The forest consisted of 
dense hyathaung [Bambusa polymorpha) on a cold northerly aspect, with, a few 
mature teak and pyinkado (Xylia dolabri/ormis). The bamboos, 37 clumps 
in all, were cut in January for a clistance of about 20 yds. round a teak seed- 
bearer ; the cut material was burned in the ordinary course, the area not being 
nre-protected, and part of the cleared area was ]ioed up. There was an advance 
growth of 22 suppressed teak plants already on the ground, and these were 
marked. Next year all these had disappeared under the influence.of the 
sudden clearing, but in their place no f ewer than 123 new teak and 565 pyinkado 
seedlings had appeared ; there was nothing to show that these were more 
plentiful on the hoed ground than elsewhere. These seedlings only required 
regular weeding and freeing from overhead bamboo cover to establish a pro- 
mising young crop. This experiment is interesting as showing that teak 
natural reproduction can be established in a type of bamboo forest which 
produces trees of large size and straight growth, but in which natural repro- 
duction is often scarce or absent owing to the heavy shade of the bamboo. 
Tlie death of the pre-existing teak plants is also of interest. This does not 
always occur in freeing teak seedlings and saplings from overhead bamboo 
cover, and the effect probably depends on the extent of the change of con- 
ditions /suddenly brought about by the clearing, on tlie vigour of the plants 
freed, and on the severity of the nre. Possibly cutting back the saplings 
imniediately before or immecliately after the burning might assist in their 
survival. , 

The eiJect of opening and burning bamboo iorest is illustrated by the 
Mlowing quotation, relating to the Tharrawaddy forest clivision, from the 
Burnia Porest Report for 1916-17 : 

' In one plot of lcyaihaung (Bambusa polymorpha) f orest which had been 
heavily worked over in 1915-16 by bamboo-cutters, who had left much trash 
behind them, an accidental fire occurred. Owing to the dry bamboo trash the 
fire was more than usually nerce. In the following December the Range 
Ohicer drew the Divisional Omcer's attention to the number of new teak seed- 
lings which he had observed and marked. So many had come up that it was 
hardly possible to believe that they had not been artiticially sown, since the 
seed-bearers atood at some little distance. In another " Y " felhng plot in 
the same compartment the same fire had caused some dry trees to fall and 
burn clear lanes through the young growth of pyinJcado and bamboos. Several 
of these lanes eontained a row of new teak seedlings which at first sight appeared 
to have been lined out by hand.' 

As regards the tending of teak plants hi bamboo f orest, periodical cutting 
of the bamboo is necessary until they are free from danger of suppression, and 
this work is costly. An experiment carried out recently in Pyinmana showed 
that good results cau be obtained by cutting the bamboo clumps about 5 ft. 
from the ground ; thoy then develop side branehes wkich keep down weeds. 
JSTew oulms which appear are cut ofi annually at the same height. 

The importance of the Aowering of the bamboo in connexion with the 
reproduction of teak lies in the fact that in the case of the more important 
species gregarious nowering takes place, usually at long interods, over 
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considerable areas of forest, and after Aowering the bamboos die; the dead 
culms then fall by degrees and, in burnt forests, become corisumed by lire. 
The admission of liglit and heat caused by this opening of the bamboo cover 
stimulates the natural reproduction of teak provided fire is admitted. The 
inAuence of bamboo nowering on teak reproduction has at times been called 
in qnestion, but it is now known from various recorded observations to be a f act 
that it has a very decided imiuence. I have myself obseiwed its midoubted 
cfieets in the Pyinmana forests, Mlowing on a general nowering of Gaphalo- 
stachyum pergracih. Mr. J. W. 01iver x has recorded the Mlowing statement : 
' Where tliere are a sufficient number of parent seed trees an intenwe nre 
Mlowing the nowering and dying of bamboos generally gives ri.se to extensive 
reproduction of teak, without the aid of artincial sowings. Instances of this 
may be studiod in the Setkala reseiwe in the Bhamo division and in some 
of the reserves 011 the right bank of the Shweli river in the Ruby Mines division ; 
the JSTanme reserve is, I think, tbe particular locality I have, in mind.' In the 
same connexion the following passage may be quoted from the Report on 
Forest Administration for the northern circle, Upper Burma, .1907-8 : ' 01)- 
servations made during the year show that the tlowering of the bamboo, 
linwa (Oephalostachymn pergracile), which has been advancing in a wave 
southwards over Upper Burma during tho last four or five years, has had 
markedly beneiicial results ou teak reproduction.' In the following year the 
Report says : ' Observations of the year connrm the view expressed in the last 
Annual Roport that tho reproduction of toak in areas in which bamboos have 
ilowered and the dobris been burnt, or allowed to burn, leaves littlc to be 
desired. On tbe other hand, wbere bamboos have ilowered and tlie area has 
uot been allowed to burn for fear of damage to eontraotors' logs and naturally 
dead and windfall timber, a tangled mass of vegetation consisting of creepers 
and weeds and old bamboo stems oucumbers the ground, and not only prcvents 
any fresh germinatiou, but also hopelesssly smothers any seedlings which might 
previously have existed.' 

.I.t is evi.d.ent tliat iu the typcs of forest met with in Burma the adnusslon 
of iire is nccessary in bainboo-ilowerod areas whore natural roproduction of 
teak is desirod. For how long, if at all, buming is neecssary after the year of 
sccrling of tlie bamboo wi.ll depend on local conditious and on thc extent 
to wliioli weetling and cleaning can. be carried out. Young bamboo growth is 
far less adverse to the establishment of toak reproduction tluui certain other 
weeds — fo.r instance, Eupatoriwn odoratum, Alpinia, Strobilmdhe^, gingers, &o. — 
but if i,t is nrc-protected, young bamboos form very dense masses, which if 
eleaning carmot be carriod out may do much harm by suppression. 

Mr. C. B. ymales - notes that in areas in the Thayetmyo and Promo 
districts, where Deiulroc.akimus slriclus and Samlmsa Tulda had recently 
(lowcred and wherc fbe~protection had beon abandoned, the bamboos estab- 
lished thcmselvcs in dense masses even where late burning had beeu carried 
out in order to destroy the seed. Here teak seedlings contemporaueous with 
young bamboo wero not found surviving except on the edges of the ilowered 
areas where tlie nre had not beeu so intense. The only succcssful tealc saplings 

1 Incl. Foreater, xssiii (1.007), i>. 242. 

- Notos on a Tour in, Eorests on tlio Wetit HlopoH of tlio Pogu Yonia, 1.01 7. 
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found were those which had already been on the grouncl prior to the Aowering. 
This indicates that advance growth nrnst play a prominent part in operations 
for securing natural reproduction of teak at the time of nowering of the bamboo. 
Mr. Smales, therefore, advocates stimulating advance growth as much as 
possible, in view of an expected general Aowering of Bambusa polymorpha, by 
cutting gaps in the bamboo cover round teak seed-bearers and elsewhere, and 
sowing tea]c seed in these gaps. 

Fig. 292 shows a group of promising advanee growth of teak in an area 
of Aowered Cephalostachyum pergracile. Tlie dead culms have fallen or been 
broken down and undergrowth has been cut. As the young teak is weak and 
crooked the intention is to burn the area and cut back the teak. 

In Burma great stress is laid on.the necessity ibr carrying out extensive 
operations for effecting the reproduction of teak when Bambusa polymorpha 
nowers gregariously, as it is expected to do before very long. This bamboo 
is eertainly of paramount importance, but there are other important bamboos, 
notably Gephalostachyum pergracile,wliich have frequently Aowered gregariously 
in diiierent localities, although the nowering has too often been allowed to 
pass by withont any special operations being carried out in order to take 
advantage of it and. to gain experience of how to proceed in the event of 
a general nowering of Bambusa polymorpha. 

Based. ou stich experience as has been gained in the treatment of teak in 
bamboo-Ilowered areas, certain measures were prescribed in 1914 in anticipa- 
tion of a general Aowering of bamboo, and particularly of Bambusa potymorpha. 
These measures comprise tlie f ollowing : (1) collection and storage of largc 
quantities of teak seed annuaUy, utihzing it for plantatious and other opera- 
tions beiore it deteriorates, in the event of the Howering not taking place ; 

(2) previous selection of suitable bamboo areas in which to conduct operations, 

(3) carefnl protection of Aowered bamboo areas from nre until the end of the 
hot season, f ollowed by burning bef ore the rains commence, in order to destroy 
as much bamboo seed as possible, even if dibbling of teak seed cannot be 
carried out ; (4) removal of Iow oyerhead cover as far as possible prior to 
burning, and girdling of all large trees other than teak at thc same time as or 
as soon as possible after burning ; (5) dibbling of teak seed immediately after 
burning, roughly 6 ft. by 6 ft., two seecls in each hole not more than 1 in. 
deep ; dibbling to be conhned as far as-possiljle to well-drained and accessible 
ridges and spurs, and to a distance of two chains on either side of them, broad, 
flat, badly drained ridgea being avoided ; broadcast sowiug to be tried only 
on flat ridges and gentle slopes ; (6) in the hrst ahd subsequent years after 
dibbling, burning to be carried out, if required, eaiiy in the season, in order 
to destroy fallen culms ; weeding to be carried out, twice in each of the iirst 
two years and once in the third year. The total cost of these weedings is 
estimated at Rs. 15 per acre. 

Theae prescriptions appear to be suitable m far as they go except in one 
particular, in which they are open to criticism, that is in the proposal to con- 
nne dibblings to a distance of two chains on either side of ridges ancl spurs, 
By so doing the mistake made hi respect of so many of the Burma plantations, 
namely in scattering operations and thus greatly increasing the cost of upkeep, 
will be repeated. Again, the richest areas, ; where teak reaches its hnest 
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development, are not the tops of the ridges but the well-drained fertile lower 
slopes, and it is here in particular that the stock of teak should be increased. 
The prescription might well be altored to include the sowing up of compact ancl 
not straggling or soattered areas, comprising not only the ridges and spurs but 
also the lower slopes and well-drained valleys. The areas operated over will 
be nothing more or less than plantations ; they will in a short space of time 
be indistinguishable i ! rom taungya plantations, and will recprire to be tended 
in exactly the same manner. Indeed the regeneration of bamboo-nowered 
areas by the system of taungija plantations pure and simple will probably 
prove more emcient and less oostly than the measures described. 

Some examples of teak sowings in howered bamboo areas in Burma may 
be cjuoted. In tbese sowings it has always been found that their suceess 
clecreases and their cost increases with each year's delay after the year of 
seeding of the bamboo. This is clue mainiy to the extra cost and difficulty of 
weeding and cleaning witli every year 5 s start given to the young bamboo, for 
weeding and cleaning in young bamboo areas may be a very heavy item. 

In the Konbilin. reserve of the Tharrawaddy division, where Gephalo- 
stachywm pergracile Aowered gregariously in 1887, operations for incrcasing 
the cmantity of teak wero continucd for seven years alter the nowering of the 
bamboo. These operations consisted in girdling or felling and burning the tree- 
growtb, cutting and burning the dead bamboo and arterwards the young 
bamboo growtli, and dibbling teak seed as in a iaungya plantation. The total 
area operated over exceeded 300 acres. This work showed elearly the advan- 
tage of the earlier over the later plantations, both in eost and in degree of 
success. In the case of these sowings the weeding was found to be a much 
heavier item than in the case of iaungya plantations, and the average cost 
per acre during the hrst ten years workecl out at Rs. 33-6-0 for tlie tlowerecl 
bamboo sowings as against Rs. 20 for iaungya plantations in the samo Locality ; 
thereatter the cost in either case has been mueh the samc. A considerablc 
area of these dowercd bamboo sowings has proved to be highly succe,ssful 
cultnrally, resembling a well-stocked plantation with a dense underwood of 
bamboo, whicli gives the teak a healthy ancl natural appearance. 

Another successful series of ilowcred bamboo plantations has been ibrmecl 
to the east of Nyanlĕ, in tho Taungnyo reserve of the Zigon division. Dendro- 
calamus strictus ilowered in 1S78-9. Oporations were commenced in 1881, 
that is, two yoars later than was advisable, and further areas were taken in 
hand. in 1882 ancl 1888, the total area operated over in the three years being 
about 750 acres. The work consisted in felling all trees and bamboos, thoroughly 
burning, and sowing teak seed as in a iaungya plantation. This was foiiowcd 
by weeding for tbree successive years, with another weeding in the seventh 
year in the case of the 1881 sowings and the iifth year in the ease of the later 
sowings. The cost per acre of tho three years' sowings up to tho fourth year 
of weeding was as tollows : 

(1) 1881 sowinga : firat 3 yonra, lls. 8-14-0 ; wooduig of 7th yenr, Ks. 0-11-;! : Total, Rs. 0-9-;! 

poi' uoro. 

(2) 1882 sowiiigs : firat 3 yoars, Bs. lf)-9-0 ; woeding of Sth yoar, Bs. 2-0-0 : Total, Ba. 17-15-0 
por aoro. 

(3) 1883 sowings : tirst 3 yoars, Ra. 17-3-0 ; woodhig of 5th year, Rs. 1-8-2 : Total, Rs. 18-11-2 
por acro. 




E -= 



« S^ 

3 t s 




'iCSji 



mm 



m 






'smmm 



*'Wa «BPS^ikS&^SWH'* 
?•?.-- 's%v.?a«!SiS^«&'';p«y 



aS 

+3 


ca 




^ 


co 


,J 










.3 


£ 


3 


-u 




« 


a 


«i 


n 


CJ 




43 


s 




K?* 


cS 


Q 


^ 


M 


£ 


cs" 






_g 


'3 










>: 


d 




_^* 


,a 










S3*s 












hs&s 



% 



Pici. 293. Sowing of boak iuuL outeh (/Irwim Cak.ch.u) iu llowerod bainboo 
Bwot tYiront, Pronio, Bimna : outeh tvoe 011 loft. 



TECTONA 761 

These sowings have proved a great success, and are now represented by 
large areas of well-grown teak poles. 

In the same neighbourhood, and to the north of Nyanlĕ, where Dendro- 
ealatnus strictus rlowered in 1893-4, teak seed was dibbled among the unbumt 
bamboos m June. This provĕd a iailure owiug to insufficient felling and 
burning. 

These examples will serve to show that very successM plantations can 
be established in nowerecl bamboo areas, provided operations are commenced 
as soon after the seeding as possible, that all overhead cover is cleared and 
thoronghly burnt, and that regular weeding is carried out in the young crop. 
Among other suecessful works of this kind may be mentioned the sowings in 
the Bwet reseiwe, Prome, following on a Aowering of Dendrocalamus siridus 
in 1876. These would probably have been even more successful had not 
a good many large trees remained unfelled on the area, Recent nowered 
bamboo sowings in Prome have been supplemented by the transplanting of 
teak seedlings ; of these natural f orest seedlings have been f ound more success- 
ful than nursery seedlings, and of the former plants one year old or more have 
proved superior to young seedlings of the first rains. A successM example 
of the use of transplants in stocldng a Howered bamboo area may be quoted 
from Katha, Uppcr Burma : l ' In the Katha division tin bamboo (Oephalo- 
slachyum pergracile) llowered in 1905 in the northern part of the division. 
The area was burnt in the hot weather, which stimulated the growth of coppiee- 
slioots from teak stems burnt back. As natnral teak seedhngs did not spring 
up, nurseries were made and seedlings planted out in tlie rains of 1906 and 
1907. The area was eleaned from time to time, and there is now (1914) a iine 
crop of youug teak on the ground which only needs an occasional cleaning. 
The area treated was about 500 acres. The eost of the operation was about 
Bs. 10 per acre.' 

Fig. 293 shows a young erop of teak mixed with cutch raised by sowing 
in a ilowered bamboo area in the Bwet reserve, Prome. A dense growth of 
young bamboo will be noticed springing up under the teak. 

Statistioal. Under favourable conditions the rate of growth of teak in 
its earlier years is very rapicl, a mean girth of 2 in. and a mean height of 6 ft. 
per annum for the nrst few years being not unusual in well situated and tended 
plantations. Later the growth becomes somewhat slower, though hi plantations 
which have been formed in favourable localities and have been regularly 
tended a girth increment of 1 in. a year or inore may be expected. It will be 
convenient to consider statistical information separately for plantations and 
natural forest. 

1. Plcmiations. Burma. The most recent statistics of a more or less 
eomplete nature relating to the teak plantations of Burma are those compiled 
by Mr. F. A. Leete 2 from data collected up to 1909. These statistics were 
prepared from measurements made immediately after thinning in seleeted 
fuhy stocked sample plots in teak plantations of different ages in various 
-ocalities, As Mr. Leete remarks, it is as yet too early to determine whether 
all plantations throughout the province should be grouped together in one set 

1 Joiest Aclministration Report, Burma, 1913-14. 

- Momorandum on Teak Plantations in Burma. J?or. Bull. new ser., No. 2, 1911. 
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of curves, or diiTerent standards should be fixecl in ditlerent localities. Moan- 
while he has grouped them all together, and has obtained the following 
results : 

Teclona grandis : rato of growth and number of stems per acre in tcak 
plantations in Burma (F. A. Leete, 1909). 









'Numbor of stoms 


Age. 


Mean. girth. 


Moiin height. 


per iiere. 


years. 


ft. in. 


ft. 




.10 


1 3 • 


38 


530 


20 


2 4 


62 


185 


30 


3 1 


84 


95 


40 


3 


96 


75 



Nole. (1) Suppresscd stoms aro not iuoludocl ; (2) origimil apaoing ft. by ft. or 12 ft. by 
3 ffc. giving 1,210 plcuits por a,cre. 

Aa compared with an estimate formed by Mr. P. J. Carter in I «!)(>, Mr. 
Leete's figures show a taster rate of growth in girth and a smaller mimber of 
stems per acre. 

Oeniral Provinces. Measurements madc in 18!)(j in the Sakata and Korai 
plautations in Seoni gavc the tollowing results : l 

Tectona grandis : measurements in Sakata and Korai plantations, Seoni. 











Number 












Approxim 


ate 


of HteniH 


Moiin 


Meiin 


Volume 


No. 


Locality. 


ago. 




per acre. 


girtb. 


hoiglit. 


per uero. 






yeiWH. 






ft. in. 


ft. 
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1 


Makiita 


' 2fi 




418 


1 4 


44 


2,28!) 


o 


»» 


20 




707 


1 


30 


.1,40!) 


3 


Korai 


18 




£50« 


1.0 


28 


8<>0 



Iri tlie Sakata plantations the troes were reported to be very dense and in 
neod of tlhnuing, henee tbe poor girth increment. 

lladras. A snuill plantation of 1 8C>8 at Ramanapenta in West Kuinool, 
.meaHitred in 1911, at an age of 49 years, had a height o.f (i() ft. and a girtli 
varying from 2 ft. 8J in. to 3 ft. f>i in. The watertall plantation at Moun.t 
Stuarb, Nouth Coimbatore, measured at an. age o.i' 42years, hud a menn. heigiit 
of 08 ;l:t. aiul. a mean girth of 2 ft. !) iu. 

in his reeent working jj.lan for the Nilambur (,cak plautations Mr. .'Boume 
lias given yield tables based on extensive measureinents in those plantations, 
iind coiitauiing outturu rigurcs in eonsiderable dctaii. The ntatemenk on 
p. 703 gives a summary of the more iiuportant tigurcs containecl. i.n. thoso 
tablcs. 

Andamans. Muasurcmcnts made in 191.0 gave the iollowing rosults : 

Yoar of plantation. Ago. Moan girtli. 

yonra. ft. in. 

1800 20 2 8 

1880 21. 2 !) 

1887 23 2 !) 

1883 27 2 5 

2. Natural/orast. (a) Girthandhaightinc.reme.ni. Burma. The statements 
facing p. 7(54, compiled from measurements recorded in tlie various working 
1 Woricing Plnn for Ihe Korai Rango IPorests, 'F. Liimoll, 189(5. 
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yielcl table f or one acre of pure high f orest, Nilambur 
plantations. 
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I. (Juality. 








5 




12-8 


41 


388 










10 


266 


10-9 


56 


732 
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504 


1,236 


124 


15 


179 


26-4 


66 


1,002 


374 


878 


1,880 


125 


20 


137 


31-9 


74 


1,247 


278 


1,156 


2,403 


120 


25 


110 


37-0 


81 


1,471 


287 


1,443 


2,914 


117 


30 


01 


41-8 


87 


1,688 


278 


1,721 


3,409 


114 


35 


70 


460 


93 


1,901 


263 


1,984 


3,885 


111 


40 


69 


50'0 


97 


2,111 


238 


2,222 


4,333 


108 


45 


62 


53' 7 
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2,316 


221 


2,443 


4,759 
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50 


56 


57-5 
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2,513 


196 


2,630 


5,152 


103 


55 


51 


61-1 
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2,696 


186 


2,825 


5,521 


100 


00 


48 


64-6 


113 


2,868 


161 


2,986 


5,854 
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65 


46 


08-0 


116 


3,032 


134 


3,120 
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70 


•14 


71-2 
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43 
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SS 


80 


42 
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3,318 


6',70fi 
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322 


16-0 


44 
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.15 


222 


21-1 


54 


714 


249 


561 


1,275 


85 


20 


109 


25-6 


62 


907 


201 


762 


1,869 


83 


25 


137 


29-9 


69 


1.083 


202 


964 


2,047 


82 


30 


114 


33-0 


75 


1,252 


195 


1,15!) 


2,411 


80 


35 


!)7 


37-7 


80 


1,416 


187 


1,346 


2,702 


7!) 


40 


84 


41-2 


84 


1,575 


172 


1,518 


3,093 


77 • 


45 


75 


44'5 


88 


1,730 
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1,673 


3,403 


76 


50 


68 


47-6 


91 


1,877 


139 


1,812 


3.689 


74 


55 


63 


50-4 


94 


2,014 


129 


1,941 


3,955 


72 


60 


60 


52-0 


96 


2,142 


104 


2,045 


4,187 


70 


05 


58 


55-2 


99 


2,264 
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4,397 
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70 


57 


57-3 


100 
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56 


59-3 
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39 
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80 


55 


61-2 
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2,254 
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III. Quality. 
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38 
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38 
36 



NoU. Yolumea ore calculated by tlie quarter-girth- S quared tamul», in sections of ft. 
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plans, shows the estimated rate of growth in girth in difEerent localities. Except 
in the case of the Mawku working circle oi the Upper Chindwin division, these 
ngures do not include bark thickness, for which about 2 in. should be added 
to the girth in each case. Nor is any allowance made for the time required 
for a natural seedling to establish itself ; this period is usually placed at ten 
years, though one working plan allows fifteen years. It has been considered 
best to reduce all the iigures to the same level by omitting the period allowed 
for the seedling stage, which is at the besta very rough estimate, and probably 
varies under cMerent conditions. In the earher working plans, notably those 
of Zigon and Tharrawaddy, Pressler's borer was largely employed to estimate 
the rate of growth, and the ngurea obtained are probably less reliable than in 
most of the other working plans, where the rate of growth has been estimated 
from ring-countings. It may be noted that the ngures giveu refer to trees 
whicli have grown up under natural conchtions without any tending, and the 
rate of growth is probably slower than might be expected in regularly 
tended natural crops. In Tharrawaddy and Zigon the rapid growth in the 
alluvial plains forests as eompared with the hill forests is noticeable. This is 
not tlie case in Insein, where the soil of the plains forests is not so well drained, 
as that of tlie Tharrawaddy and Zigon divisions, and consists in places of 
laterite. 

Cenlral Provinces. The following statement showing the rate of growth 
in girth over baiic and in height has been compiled from measurements madc 
in different localities in tho Central Provinces between .1909 and 1914 : 

Tertom grandis : rate of growth in girth and height in natural forest, Central 
Piwinces ; measuremcnts made from 1.909 to 1914. 

■ ,,,., ,, Niuigor. S. Chiuuln, : Alhipilli rosorve. 

well-grown KishoH- Patri- Ginrrj- 

l.reos in Giirhiikotn Keipiiiii garli kiilia Immar 
HiwoLiraljIe working felling :folling fo.Uing felling JShimuriui hill Bhiiniuuii [iliiius 



Age. 


looulities. 


cirelo. 


soiios. 


sories. 


scriou. 


sraicR. 




Ibrests. 


Eorosts 


i. 


Mirkullu hlook. 




(iirth. 


Girth, 


(Jirth. 


Girth. 


Girth. 


riirth. 


Gii: 


th. 


Eoight. 


Girth. 


II 


oight. 


Clirth. 


Eeight, 


yonrs. 


ft,. in. 


ft. iu. 


ft. in. 


ft. in. 


ft. in. 


ft. in. 


h. 


in. 


:ft. 


ft. in. 




ft. 


ft, in. 


ft. 


* 1(1 


8 




7 





i) r> 


















, . 


20 


1 4 


11 


1 1 


11 


i (i 


1 1 














■ ■ 6 




:i() 


2 


1 r> 


1 8 


1 5 


1 8 


1 9 


i 


;i 


44 








l 2 


!>ii 


40 


2 ii 


1 11 


2 1! 


1 10 




2 3 


2 


2 


53 


:■( (i 




69 


1 11 


04 


nn 


3 7 


2 5 


2 (.) 








2 


8 


011 


3 8 




73 


2 


72 


00 














3 


J 


05 


4 1 




75 


3 


7G 


70 














3 


fi 


69 


4 5 




77 


3 1(1 


78 


80 














a 


il 


n 


4 8 




7B 


4 1 


80 


9(1 














4 


1 


76 


i 11 




79 


4 4 


82 


.11)11 














4 


4 


79 


5 1 




80 


4 7 


84 


110 














4 


7 


81 


5 3 




81 


4 10 


86 


120 














4 


10 


83 


5 fl 




81 


15 1 


88 


130 














5 


.1 


85 


r> 7 




82 


5 4 


89 


140 




, 










5 


4 


80 


5 9 




82 


fi 7 


90 


1.15» 














5 


6 


87 


5 11 




83 


5 H 


91 



Mr. J. W. J3eat x has recorded the f ollowiiig summary of measurements 
of over 4,000 felled teak trees, in two local quality classes, in the Hoshangabad 
forests : 

'. lud. Foiestor, xliv (1918), p. 408. 
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Teclona grandis : rate of growth of natural teak, Hoshangabad, Central 

Provinces. 

Looal (juality I Local quality II 

(i. o. trees attaining a height of over (i. e. trees attaining a height up to 

50 it. in 40 years). 50 ft. in 40 years). 

Mcan girth at ij- ft. Mean girth at 4| ft. 
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Bombaij. The statement on p. 766 which shows the average rate of growth 
jn girth, has been eompiled from measurements recorded in Bombay working 
plans. In each case bark thickness has been included ; where this has not 
been delinitely given in the working plans it has been takcn to be 0-25 in, 

(b) Taper of logs. Mr. H. "F. Blanford :1 has worked out, from numerous 
measuremonts in the Mohnyin and Mosit f orests, Upper Burma, the taper of 
bottom logs 25 ft. in length, with the view of arriving at an estimate of the 
minimum girth of trces to be felled in order to produce ' Europe squares ', 
that is, sound, straight timber, free from sapwood, at least 12 in. square and 
18 ft. in length, and averaging not less than 25 ft. in length. These measure- 
ments show that the taper increases slightly with age. Allowing for sapwood 
and bark, the minimum girth at the thin end of the log, in order to produce 
these squares, is 6 ft. The measurements of taper show that a breast-height 
girth of 7 ft. 9-7 in., or in round figures 8 ft., is neoessary to produce a girth 
of 6 ft. at 25 ft. above the felling wedge, that is, to produce aii average ' Europe 
squarc '. Mr. BIanford's measurements are summarized as follows : 

Averwge tapor, i. e. diminution in girth to 

a height of 25 ft. ahove Mling wedge, or 

27 ft. 6 in. frorn ground. 

Girth at broast height. Mohnyin. Mosit. 

6 ft. to 6 ft. 11 jn. . 

"7 ft. to 7 ft. 11 in. . 

8 ft. to 8 ffc. 11 in. ... 

9 ft. to ft. 11 in. . 

Example : in Mohnyin a treo with a broast-hoight girth of 8 f fc. has n. girtli at 25 ft. above 
the felling wedge of 8 ft.~234 in. == 6 ft. 0-6 in. 

1 (1) Worlring Plan for tho Mohnyin Raserro, Katha, 1910-11 to 1929-30. 
(2) Moait Working Plan, Bhamo, 1910-11 to 1939-40/ 
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(c) Voluma figurea. Burma. The average volume of marketable timber 
in trees of different girths and agea in the Mohnyin ancl Mosit working oircles 
has been estimated by Mr. Blaiiford as follows : 

Tectona grandis : outturn of marketable timber from trees of different sizes, 

Mohnyin and Mosit. 
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Note. l'on yoars luwo beou added to the ago in oaoh caso, to allow for the time recuiiml 
for a seeclling to establish itself . 

Tho latest Tharrawaddy working plan for tho Pegu Yoma .Eorests givea 
tlie tollowiiig oiittnrn ligures for dry and moiat forest combined : 

Teciona cjrandis : otitturn iigures, Tharrawaddy. 
Wilume of 



Cirth clnKK. 



(> ft. in.-G ft. 
7 ft. in.-7 ft. 
7 ft. (i in.-7 ft. 
S ffc. in.-8 ft. 
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imb. ft. 
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104 

V.iG 



Girhh elass. 

8 ffc. in.-8 fli. 11 in, 
!) fij. iu.-9 ft. 5 in. 
ft. 6 in.-O ft. 1 1 in. 



Volume of 

timbor 

por tree. 

oul). ft. 

147 

106 

186 



The size of logs actually brought out from the torests must of necessity 
depend greatly on faeilities for extracting large timber, apart from tho size 
of tho trees felled. Tlie largest average logs brought out so far in any one 
sub-period undor workiug plans proscriptibna aro the 63!) logs extractecl from 
the Kangyi reserve of the Zigon fore8t division dnriiig the sub-poriod 1902-3 
to 1905-0, wliich averaged 103 cubie ft. The following statement gives the 
uinnes of torests from which the largest average iogs were extracted up to 
.1.9 1.0, the averages being given by singlc sub-pcriods : 

Tcclona grtmd.is: volumes of average logs cxtractecl during single sub-periods 
from "iorests in Burma up to 1910. 
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Oentral Provinces. The Mlowing statement has been compiled from the 
results of measurements of 642 trees in the Allapilli forests, South Chanda : 

Tectona grandis : outturn of 





Aver 


age volume per 


Girth at 


tree. 


roimd timber 


breast height. 


measured over bark. 


ft. in. 




cub. it. 


G 




63 


6 6 




73 


7 




84 


7 6 




96 



average trees, 


Allapilii. 


Girth at 
breaat height. 


Average yolume per 
tree, round timber 
measured over bark. 


it. in. 
8 

8 6 

9 
9 6 


cub. ft. 
108 
119 
129 
138 



Bombay. The following is the result of a stem analysis of hve teak trees 
made by Mr. W. A. Miller in the Kirwatti forests of Kanara : 

Tectona grandis : stem analysis of five trees, Kirwatti forests, Kanara. 

Mean cliametei' Meau lumual 

Age. at broast height. Mean height. Mean volume. volumo increment. 

years. in. ilt. cub. ft. eub. ft. 

io s-o 19 

20 5-5 37 

30 8-7 47 6-5 2- 17 

40 11-8 51 13-0 4-33 

50 13-7 54 24-5 4'»0 

60 10-0 58 34-5 r.-75 

70 17-5 02 41-5 fvfl3 

80 18-2 65 47-0 5-87 

90 18-B «7 51-0 5-67 

100 19-1 69 55-0 ,t50 

Mr. Miller has a.lso rccorded the Mlowing results of measureineiit.s in tho 
forests of the Arbail iSlopes, Kanara, showing the average growth of single 
trees : x 

Teclona grandis : growth and outturn of single trees, Arbail Slopes, Kanara. 

Monn OoiTOBpoiuling Mean Mean volumo 

Age. iliiiiiieter. girth. heigbt. nor tree. 

yearti. in. ft. in. ft. cub. ft. 

20 o-4 1 5 44 4 

40 0-2 2 G 64 1(1 

60 12-8 3 4 75 21 

80 15-6 4 1 83 40 

100 18-0 4 » 90 71 

120 20-0 5 3 95 89 

140 21-8 5 9 100 104 

160 23-4 6 1 104 118 

180 24-6 6 5 107 132 

200 25-2 7 109 144 

220 .. .. 110 156 

240 .. .. 110 

2. Teetona Hamiltoniansi, Wall. Vern. .Dahat, Burm. 

A moderate-sized deciduous tree with 6- to S-angled hranehlets and 
leave,s usually in whorls of tliree, sometimes opposite or in whorls of four, 
somewhat resembling teak leaves but much smaller. Wood. brown, harder anri 
heavier thanteak, of good rpmlity, but used mainly for fuel, though sometimes 
for house-posts. This is a common tree in the dry zone of Burma, in localities 
1 Workhig PIimi. for tho Arbail HIopos, Central Division, Kanara, 1918. 
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where the rainfall varies from 23 to 45 inches. It is capahle of growing on 
poor stony soil, and is of ten associated with Terminalia Oliveri, Acacia Catechu, 
A. leucophloea, Diospyros burmanica, and other speeies of the dry open scrub 
forests of Burma. The tree is leaness for a time during the hot season. The 
denso tomentose corymbose panicles of small pale blue or whitish nowers 
appear frora June to August, and the fruits ripen in the following cold or hot 
season ; the fruit is a small nut tightly enclosed in the persistent tomentose 
calyx. The tree is a light-demander, coppiees well, and is drought resistant. 
Erost doos not occur in its habitat. 

2. GMELINA, Linn. 

Gtmolimi arboroa, Linn. Vern. Gumhar, seioan, Hind. ; Gomari, Ass. ; 
8Mvan, Mar. ; Shivani, Kan. ; Gumadi, Tam. ; Yemane, Burm. 

A moderate-sized to large deciduous tree with opposite, broadly ovate, 
acuminate, usually cordate leaves, glaucous beneath, or stellately hairy or 
tomentose beneath in one variety. Bark light grey, smooth, corky, inside 
yellow, rapidly turning brown on exposure, exfoliating in patches when old 
and exposing smootli paler coloured bark beneath. Wood yellowish or 
greyish white, even-grained, solt, light, and strong, seasons well without 
warping and cracking, and is very useful for planking, panelling, carriages, 
Jiurniture, boxes, and carpentry of all kinds. It has been pronounced very good 
for match mamrfacture. In vicw of the good quality of its wood and of its 
rapid growth the tree is well worth more attention for plantation piirposes. 
Under the most favourable conditions it attains a height of 100 ft. or more 
and a girth of 15 ft. 

Distbibution asd habitat. Tlie tree is distributed generally throughout 
the greater part of India and Burma, but is usually scattored ; it is commoner 
in Burma than e?sewhere. It is found in the moist region of Ceylon. It 
reaches its largest dimensions in the mixed forests of moist regions, as in 
Burma, the oastern subjlimalayan. tract, Assam, and elsewhere, but extends 
into comparatively dry regions, as in Central India. Although usiially found 
in mixed deeiduous forest, it is oceasionally found in evergreen f orest, and is 
not unconnnon in sal forest. In the western Himalaya it ascends the outer 
hills and valleys to 4,000 ft., where it may occasionally be seen in stunted 
form even in somewhat dry situations. Its choice of locality is wide, but it 
shows a preEerence for moist fertile valleys ; it does not thrive where the 
drainage is bad, while on dry sandy or otherwise poor soil it remains stunted, 
and. is apt to assume little more than a shrubby form owing to its being 
repeatedly killed back by drought. 

In its natural habitat the absoiute maximum shade temperature varies 
from under 100° to 118° F., the absolute minimum from 30° to over 60° 1<\, 
and the normal rainfall from 30 to 180 in. or more. 

LEAir-siiEDDiira, jTLOWKBtwa, akd 37RUITING. Tlie Ieaves i'al.l as a rule 
about January-Eebruary, tho new leaves appearing in March-April. The 
panicles of Aowers appear from February to April, when the tree is more or 
less leahesa, or with the young leaves, and the irregular tubular corollas, 
about 1 in. long, dull chestnut, with a yellow lip and throat, cmickly iall from 
the trees and cover the ground in their neighbourhood. The fruits ripen from 
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tlie end of April (Burma) to July. The fruit is a succulent ovoid or oblong 
drupe, 0-9-1-2 in. long, yellow when ripe, with a leathery shining pericarp, 
a sweetish pulp, and a hard bony stone. The stone (Fig. 294, a) is 0-6-0-9 in. 
long, ovoid, pointed at one end, usually 2-celled and 2-seeded, but sometimes 
1- or 3-celled and seeded. About 40 stones average 1 oz. in weight. Seed-year 
records in Chittagong and in the Santal Parganas show that the tree seeds 
well as a rule every year. The germinative power of fresh seed is high, but if 
stored f or a year a eonsiderable proportion of the seed loses its yitality : 
a sample of fruit-stones tested at Dehra Dun, which gave 90 per cent. of success 
when fresh, gave only 30 per cent. when kept for one year. The highest 
percentage obtained from fresh fruit-stones was 112, often two and sometimes 
three seodlings emerging from one stone. The fruits are eagerly devoured by 
cattle and deer, and the stones are spread by their agency. 

Germination (Fig. 294, b-f). Epigeous, resembling that of the teak. 
The stone of tho drupe opens by means of one or two lateral valves, the radicle 
emerging first and the eotyledons issuing shortly after. The stone is either 
left on or in the ground, or is carried up over the cotyledons, falling with their 
expansion, 

The seedling (Fig. 294). 

Boots : primary root long, at first thin, afterwards thickening consider- 
ably, terete, tapering : lateral roots moderate in number and length, nbrous, 
distributed down main root or more plentiful in its uppor part. Eypocotyl 
distmct from and thicker than root, 0-3-0-7 in. long, terete or obsourely 
guadrangular, white turning green, iinely pubescent. Cotyledons ; petiole 
0-1-0-2 in. long, channelled or rlattened above, fmely pubescent with capitate 
hairs : lamina 0-5-0-7 in. by 0-3-0-4 in., elliptical or ovate, emarginate, entire, 
somewhat tleshy, yellow turning green, hnely pubescent with capitate hairs, 
midrib deeply impressed on upper suriace, lateral veins less distinct. St&ni 
erect, more or less quadrangular near the nodes, green, rinely pubescent witb 
capitate hairs ; internodes 0-5-3 in. long. Leaves simple, opposite, exstipnlate. 
Petiole 0-3-1-5 in. long, channelled above, green, glabrous or hnely tomentose. 
Lamina 1-5-3 in. by 1-2-3 in., broadly ovato, acute or acuminate, widely 
dentate or sinuate, base cordate, cuneate, or obtusc, with glands near the 
petiole, green above, glaucous boneath, glabrous or lower snrlace glabrescent 
oi' rinely pubescent with capitate hairs on the principal veins ; lateral veins 
3-5 pairs, ineluding two prominent basal lateral veins. 

Undor favourablo conditions the growth of the seedliug is rapid, more 
particularly from the seeond year onwards. Although able to struggle against 
weeds more successfully than many othcr spoeies, it responds to weeding by 
more rapid growtli and increased vigonr ; it also benehts by irrigation. On 
stiff soil its cbwelopmcnt is poor. Among damp weeds the seedlings are apt 
to rot during the rain. 

Tlie season's growth ceases about November, the leaves fall in December- 
January, and the new leaves begin to appear in Fcbruary-March (northern 
India). From May onwards in the second season the growth is rapid. The 
asillary buds of the stem usually eommenee to sprout in the nrst season, and 
iu vigorous plants side branohes may reach several inches in length ; in the 
second year strong side brauches are developed. 

The seedling is fairly hardy as regards drought and, frost, In frosty 
localities the leaves are often touched, the shoots escaping, but in grass the 
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seedlings may be entirely killed down, though their power of recovery from 
the base is good. Seedlings are somewhat light-demanding, their development 
being poor under shade which is at all heavy, In the germinating stages 
crickets are often destructive, while in the sapling stage much damage is done 
by a boring insect which tumiels down the shoots and fre<piently kills the 
leading ones ; the attack may be recognized hy holes in the side of the shoot 
affected. 

The Mlowing measurements in experimental plots at Dehra Dun give 
some indication of the rate of growth of young plants under different con- 
ditions : 

Omelina arhorea : development of seedlings tmder different conditions, 

Dehra Dun. 



Height at end of season, and other particulars. 



2nd soason. 3rd season, 

4 ft. in. (only one 10 ft. m. 
seedling germinated) 



Oondition under which grown 
(in sumiy locality in oaeh 
case: shado oxporiments 
' failed). lst season. 

(1) Natural conditions (fruits ft. 7Jin. 
scattered on baro ground, 
uncovered) 

(2) Natural eonditions (fruits Maxinvnm ft. 11 in. 
scattored on baro ground, . 

uncovorcd) 

(3) Natural eonditions (iruits Maximum ft. 10| in. 
soattered on grassy ground) 

(-1) Nursery plants Maximum 1 ffc. 3 in. 

(5) Transplants of lst season, Maximum 1 ft. 4£ in. Maximum 3 ft. 9 in, ft. 9 in.-o ft. 3 iti. 

entiro roots and stom (un- 

weeded after transplanting) 



4th season. 



(6) Transplants o£ lst soason, Maximnm 1 ft. 8 in. 11 in.-5 ft. 3 in. 2 ft. 8 in.-9 ft. 6 in. 

entire roots and stem (un- 
weeded after transplanting) 
(7)Transplantsof2ndseason, .. .. 2 ft. 5 in.-3 ft. 1 in. 

prnned steui and xoot 
(8) Broadeast sowiiigs, irri- Maximum 2 it. 10 in. 2 ft. 8 in.-lO ft. in. 
' gated, weodocl (vigorous) (vigorous, 33 sur- 

vivors) 
) Broadeast sowings, irri- Maximum ft. SJ in, 1 ft. 1 in. 
gated, unweeded (weakly) (only one snrvivor) 

.S I (10) Broadoast sowings, un- Maximum ft. 10 in. 1 ft, 11 in.-5 ft. 4 in. 
3 irrigated, weeded 

'' ! (11) Broadcaat sowings, un- Masimum ft. 9 in. 1 ft. 6 in.-4 ft. in. ■ ■ 

' irrigated, ' unweeded 

r (12) Line sowings, irrigated, Maximum 3 ft. 3| in. 5 ft. 10 in.-8 ft. 9 in. 14 ft. in.-17 ft. 10 m. 
weeded, thinned 

(13) Line sowings, irrigated, Maxinrum 4 ft. 4 in. 3 ft. in.-12 ft. 2 in. 8 ft. m.-17 ft. 8 m. 
weeded, unthinnod (stems less vigorous 

than in thinned lines) 

(14) Line sowings, irrigated, Maximum 3 ft. in. 4 ft. 7 in-10 ft. 3 iu. 8 ft. in.-16 ft. 5 in. 
unweeded, uuthinned (stems thin and lanky) 

(16) Line sowings, unirri- Maximum 4 ft. 6 in. Masimum 10 ft. 6 in. 
gated, weeded, thinned. 

(16) Line sowings, uuirri- Maximum 3 ft. 3 iu. Maximivm 7 ft. in. 
gated, weeded, nnthinned 

(17) Line sowings, unirri- Maximum 3 ft. 8 in. ft. 10 in.-7 ft. in. 
gated, uuweeded, unthinned 

(18) Line sowinga, weeded, in ft. 2 in.-O ft. 10 in. Maximum 6 ft. 4 in. 
combination with field 
orops (suppiessed by orops 
in rirst season) 

Some of these measurements indieate the value of weeding. 

F f 2 



13 ft„-14 it. 
(niasimiun 
girth 9 in. 
at 3 1 ft. f rom 
ground) 
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Silvkttltlbal chabactebs. The tree is a light-demander, though it 
stands rather more shade than the teak. It is moderately frost-hardy, and has 
good power of recovery when injured by frost. It does not stand excessive 
drought, as is shown in the case of plantations in the Panch Mahals, Bombay, 
on dry soil with a considerable proportion of sand, where the trees have in 
many cases either died outright or have died back and kept alive only in 
stunted bushy form. In Lahore Cantonment, however, it grows without 
irrigation, which not many trees are capable of doing. 

It coppices very well, the coppice-shoots growmg vigorously. It has not 
been observed to produce root-suckers to any extent, but Mr. R. N. Parker 
mentions that they have been produced by a tree in the Changa Manga planta- 
tion. Saplings are readily browsed by deer, wliich do much damage in young 
plantations. Cattle also browse young plants if there is an insumciency of 
other fodder. 

Natubal beprodttctiost. Under natural conditions germination takes 
place in the rainy season soon after the fall of the fruits. If the iruits are eaten 
by deer or cattle the stones are rejected during rumination ; otherwise the 
heshy portion soon either roots off, or is softened and washed off byrain, or is 
eaten away by insects, leaving the stone exposed. Numerous experiments 
have been cariied out at Dehra Dun to ascertain the factors influencing natural 
reproduction, and the chief of these have been established with tolerable 
certainty. It is clear that, as in the case of teak, a considerable amount of 
alternating heat and nioisture is necessary to stimulate germination,] f or which 
reason fruit-stones lying in shade which is at all heavy fail to germinate for 
want of the sun's heat. Secondly, it is of great importance that the stones 
should beconie buried to some extent, otherwise there is a strong risk of failure 
to germinate. This was counrmed many times, the seed on very rare occasions 
succeeding in germinating if lying on the surface of the ground ; want of 
sumciently continuous moisture appears to be the explanation of this. In 
the few cases in which germination did take place under these conditions the 
young seedling was usually washed away by rain before it obtained a foothold. 
Thirdly, clear ground forms a favourable germinating bed, particularly if it 
has been broken up so that the seed has a chance of becoming buried ; seed 
lying among weeds or grass usually fails to germinate. In this connexion it 
may be noted that plentiful natural reproduction has been observed on aban- 
doned taungya lands (temporary cultivation) in Burma. 

In the forest natural reproduction is not as a rule plentiful, and as the 
germinative power of the seed is high the only explanation is that a com- 
bination of favourable conditions is not very frequent. Apart from the factors 
whick favour germination, the establishment of reproduction depends on the 
admission of a considerable degree of hght, while in grazed areas reproduction 
has little chance of making headway owing to the readiness with which the 
young plants are browsed. 

Artieicial reprodttctton. The tree can be raised easily either by 
transplanting from the nursery or by direct sowings ; the latter have proved 
much more successful than the former at Dehra Dun. It is also said that large 
cuttings planted during the rainy season strike well ; this possibly apphes 
to a damp climate or where irrigation is carried out, but cuttings tried at 
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Fig. 205. Gmdina arhorca, irrigatod line sowinga 5 months old, 
maximum height 4 ft. 5 in., Dehra Dun. 
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FiG. 296. Gmelina arborea, irrigated line sowings, end of third season, 
height 14-18 ft„ Dehra Dun. 
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Dehra Dun, although they sprouted and remained alive for some tirne, died 
ofif in the dry season. 

For transplanting purposes the fruit-stones should be sown in drills in 
the nursery as soon as the fruit ripens, as a rule shortly bef ore the rainy season 
commences. ISJb shading is necessary, but the beds should be regularly watered 
and weeded. The seedlings ordinarily begin to appear in about two to three 
weeks. 

Transplanting may be carried out either in the first or in the second rainy 
season. In the former case small plants about 3 or 4 in. high should be used, 
the seedlings being separated and planted out during damp weather with 
roots and stems intact.| If the plants are to be kept for a year in the nursery 
they should be separated and prieked out to about 9 in. apart in the first 
rains while still small. Nest rainy season they should be planted out with 
the stem pruned down to about 2 in. from ground-level, and the root trimmed 
to a length of about 1 ft. ; they stand this treatment well. Subsequently it 
may be necessary to prune off surplus shoots springing from the stumped 
plants. For plantation purposes a spacing of 6 ft. by 6 ft. is ordinarily suitable. 

At Dehra Dun direct sowing in lines has proved much more successful than 
transplanting, and has given excellent results. Where irrigation is possible 
this stimulates growth, but unhrigated line sowings have also given very good 
results, always provided the lines are kept regularly weeded. Items (8) to (18) 
of the statement under ' seedling ' on p. 771 give some idea of the growth under 
chfferent methods of sowing, and Figs. 295, 296, and 297 show line sowings in 
diUerent stages. A distance of 10 to 12 ft. between lines aiid an interval of 
about 1 ft. between fruit-stones will be found sufficient. and 1 lb. of fmit- 
stones may be allowed roughly for 600 ft. of line. The stones can be most 
conveniently sown along a shallow furrow or dibbled in with the aid of a pointed 
stick, and lightly covered with earth in either case. Irrigated line sowings are 
carried out in the manner described for irrigated sowings of Dalbergia Sissoo 
(Vol. I, p. 306). 0f unirrigated hne sowings the most satisfactory are those 
carried out with the aid of held crops, but care should be taken to leave a width 
of about 2 ft. along the lines unsown with cereals, the latter being sown in the 
intervening spaces. If the field crops are sown continuously over the area the 
seedlings suffer from suppression during the nrst season, and may even be 
killed off if the cover is dense. In experiments carried out at Dehra Dun the 
crop employed was the lesser millet {Elmsine comcana), which was sown in 
May, formed a dense crop 3 to 3| ft. high, and was reaped in October ; the lines 
of Gmelina were sown in June. In Iine sowings along with neld crops it is 
preferable to allow cultivation for a second year, the eultivator keeping the 
lines weeded, as this saves expense and serves to keep the ground clear of 
weeds for a longer periocl than if cultivation is done for one year only ; at the 
same time the longer cultivation is permitted the smaller the area which oan 
be planted annually by a given number of cultivators, and this may be a matter 
of importance if the area to be planted is large and the number of cultivators 
is limited. 

In sowings of any form certain supplementary operations are essential to 
success. Weeding is of great importance, and henoe the advantage of sowing 
in regrdarly spaced lines. Weeding should commence during the first season, 
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and for the first year or two elean weeding with slight loosening of the soil 
stimulates growth where this is a naatter of importance, as in dry localities ; 
after the iirst year or two all that is necessary is to free the plants from over- 
head cover. During the jBrst rainy season it is advisable to pull up duplicate 
seedlings and plant them to f511 up g a P s > tne pulling up of the surplus seedlings 
niay be done in the ensuino- dry season, but it will then be impossible to utilize 
them for filling gaps. Thinnings to relieve congestion in the lines should 
commence about the third vear if necessary, the strongest and best-shaped 
plants being retained and the weakly and badly shaped ones removed ; this 
operation is responded to by better growth. 

As regards the location of plantations, it cannot be emphasized too strongly 
that plantations of Gmelina arborea can never pay unless rapid growth and 
fairly large dimensions are ensured. Plantations of this species therefore 
should never be made escept on fertile soil in a climate at least moderately 
damp. Poor dry or shallow soil as well as badly drained clayey ground should 
be carefully avoided, as the plants will always remain stunted. Plantations 
formed in the dry climate of the Panch Mahals in Boinbay, on dry soniewhat 
sandy soil, have proved a compl e t e failure, the plants remaining stimted or 
dying out altogether. Qn f e rtde loam in a fairly moist climate, however, 
plantations of this species, if properly formed and carelully tended, should 
be a source of considerable profit, as the wood cannot iail to command a good 
sale if placed on the market in regular annual quantities. 

Mr. C. G. E. Dawkins * has described some successful experiments in raising 
plantations of Gmelina arborea in the Katha district of Upper Burma. He notes 
that for transplanting purposes the seed should be sown in the nursery by the 
middle of May at the latest, and the seedlings should be transplanted when 
9 in. to 1 ft. in height, those which have grown too large bcing discarded. 
For transplanting i n th e cold seasou the seed should be sown in the nursery in 
September, and the seedlings should be transplanted in the end of October or 
the beginning of Noveniber, only the strongest plants being used. The great 
advantage of plantiug during the cold season, which gave 90 per cent. of siiccess, 
is that the growth of grass is less luxuriant than during the rainy season, and 
the seedlings liave the advantage of a good start. A successiul plantation 
was formed in 1916 on a flat area with a strong growth of grass. This area 
was cleared iu Eebruary, burnt in April, planted 6 ft. by 6 ft. about the 
end of May, and weeded once the iollowing rainy season ; by November 
the plants were 4 to 5 ft. in height. Next rainy season the plantation was 
weeded once in July, a fter which no further weeding was found necessary, 
owing to the fact that the crowns had closed up and suppressed the grass. 
In 1918 the plantation was thinned heavily, and in January 1919 the remain- 
ing stems had an average o-irth of H hi., the largest tree having a girth of 20 in. 
and a height of 36 £ ft. ; there was marked dying off of side branches. An 
experimental taungya plantation also proved highly successful, the tleld crop 
employed being hill rice ; it was found advisable, however, to sow the Omelina 
seeds late in order to prevent the rice from becoming suppressed. 

These experiments included also direct sowing, good results being obtained 
both by dibbling and by broadcast sowing. Seed dibbled 6 ft. by 6 ft. in the 

i i i1( j. Forester, slv (1910), p. 506. 



GMELINA 775 

middle of May, four or five seeds at each peg, resulted in a strong growth of 
plants, some of which reached a height of 11 to 12 ft. by the end of the rainy 
season, forming a complete canopy. Experimental broadcast sowing earried 
out in 1919 gave remarkable results. An abandoned taungya of 1917 was 
eleared of weed-growth and rather incompletely burnt in April 1918 ; next 
month the dĕbris was removed, the soil was lightly raked, and seed was sown 
broadcast, about 45 lbs. to the acre. This resulted in a thick pure crop of 
Gmelina seedlings whieh killed out the weeds, rendering weeding unnecessary ; 
in places the crop was 8 to 9 ft. high by Oetober. The total cost of establish- 
ing the plantation was only Rs. 3-8-0 per acre, which could probably be reduced 
by employing only half the quantity of seed, spacing roughly 3 ft. apart, and 
sowing three seeds at each stake. 

These experiments included the mixing of Gmelina with teak, but the 
ibrmer always became dominant and suppressed the teak. 

Silviculttjeal teeatment. This species is well adapted for treatment 
as coppice, the growth of which is rapid. The uucertainty of natural repro- 
duction renders it dimeult to rely on any system of high forest producing 
regular yields of this timber except by the system of clear-f elling with artiticial 
reproduction. In this case it is probable that the best results will be attained 
by growing it in mixture with a shade-bearer of somewhat slower growth, to 
act partly as a protection to the soil and partly as a means of preventing 
unnecessary branching in the Gmelina, which is somewhat prone to form low 
side branches unless drawn up. 

Rate oe geowth. The growth is fast. Gamble's specimens averaged 
4 rings per inch of radius, giving a mean annual girth increment of 1-57 in. 
Gamble also mentions the following cross-sections in the Bengal museum : 
(i) 10 rings for a mean diameter of 10^ in., or rather less than 2 rings per inch 
of radius, giving a mean annual girth increment of 3-3 in. ; (2) 27 rings for a 
diameter of 14 in., or nearly 4 rings per inch of radius, giving a mean annual 
airth increment of 1-63 in. A cross-section from the United Proyinces in the 
silyicultural museum at Dehra Dun showed 35 rings for a girth of 3 ft. 9 in., 
giving a mean annual girth mcrement of 1-3 in., or less than 5 rings per inch 
of radius. 

A plantation in the Panch Mahals, Bombay, which had suffered much 
from drought, showed when six years old a maximum height and girth of 
18 ft. and 12 in. respectively, which is very fair considering the unsuitable 
climate. 

In the young experimental plantations of Dehra Dun, measurements of 
which have been given above under ' seedling ', the growth on the whole is 
probably unsurpassed by that of any of the numerous other species experi- 
mented with. The measurements already quoted hi respect of young planta- 
tions in Katha, Upper Burma, also show remarkable growth. In this locality 
Mr. Dawkins found that seven naturally grown trees produced a mean girth 
of 4J ft. in twenty-one years, and he estimated that tended plantations would 
attain a mean girth of 6 ft., with about 100 stems per acre, in thirty years. 
A natural seedling in the forest near Kotdwara, United Provinces, which had 
a height of 5 ft. in January 1913, was remeasured in November 1916 and found 
to have a height of 22 ft. 
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Coppice growth is also rapid, A stool in a coupe fourteen years old in 
the Gorakhpur district, United Provinces, had produced three coppice-shoots 
42 ft. high and 3 ft., 2 ft. 3 in., and 1 ft. 8 in. in girth respectively, while domi- 
nant sal coppice shoots near it had a maximum height of 35 ft. 3 and averaged 
1 ft. 6 in. in girth. In the Koderma iorest, Hazaribagh, Mr. Haines in 1916 
measured a coppice-shoot eleven years old with a girth of 1 it. 6 in., the 
maximum girtli o" sal coppice-shoots near it heing 1 ft. 3 in. 

3. VITEX, Linn. 

A genus containing about 15 Indian species of trees or shrubs witk opposite 
digitately 3- or 5-foliate leaves ; it includes some useful timber trees. Silvi- 
culturally this genus has as yet recewed little study. 

Species 1. V. Negundo, Linii. : 2. V. altissima, Linn. f. ; 3. V. pubescens, 
Vahl; 4. V. peduncularis, Wall.; 5. V. Leucwylon, Linn. f. ; 6. V. glabrata, 
R. Br. 

1. Vitex Negundo, Linn. Verii. Shiwdli, Hind. ; Manaan, Pb. ; Nirgud, 
Mar. ; Nochi, Tam. ; Vavili, Tel. 

A deciduous shrub with 3- or 5-foliate leaves, very common, and ofteu 
gregarious, throughout the greater part of India, extending into dry regions 
and ascending to 5,000 ft. in the outer Himalaya. Abundant in open waste 
places, and as a hedge plant along roads and between tlelds. It is a useiul 
plant for a£Eorestation work, producing root-suckers and growing readily from 
cuttings. It is not usually browsed. The twigs are used for wattle-work and 
rough basket-work. Growth, according to Gamble, 7 rings per inch of radius, 
giving a mean annual girth increment of 0-9 in. 

2. Vitex altissima, Linn. f. Vern. Bulgi, mairole, Kan. ; Mayilei, Tam. 
A large or very large tree with a dense crown, quadrangular branchlets, 

and 3-foliate, rarely 5-i'oliate leaves. Bark grey, scaly, yellow and hbrous 
inside. Wood greyish brown, hard, close-grained, inuch in demand for build- 
ing, furniture, &c. The trce is an important one in western and southern 
India, and is common both in evergreen ancl in deciduous 1'orests of the Western 
Ghats, as well as in open dry iorest in parts of the Deccan and Travancore ; 
also in Ceylon. Flowers, April-May ; iruits, July-August. The fruit is a small 
purple drupe. The tree stands a moderate amount of shade, especially in 
youth ; it produces root-suckers. Growth, according to Gamble, 8 ,to 9 rings 
per ineh of radius, giving a mean annual girth increment of 0-7 to 0-78 in. 

3 Vitex pubcseons, Vahl. Syn. V. arborea, Boxb. Vern. Nemali adugu, 
Tel. : Myladi, Tam. ; Kyetyo, Burm. 

A moderate-sized to large tree with quadrangular branchlets and 3- or 
5-foliate leaves. W T ood very hard and close-grained, durable and useiul. 
Forests of southern India, extending north on the east side to Orissa ; Sylhet, 
Burma in upper mixed deciduous forests, Andamans. In southern India it is 
common chietly along the banks of streams. Growth, according to Gamble, 
8 to 10 rings per incli of radius, giving a mean annual girth increment of 0-63 
to 0-78 in. 

A tree referred to by Mr. A. Rodger ^ under the name of kyungauknwe 

1 Working PJan for the Tagaimg Working Circle, Enby Mines Diviaion, 1912, pars. 14 and 15. 
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in the forests of the Ruby Mines district, Upper Burma, perhaps belongs to 
this species. He describes it as occurring on fertile slopes along with well- 
grown teak, Xylia dolabrijormis, Terminalia tomentosa, Pterocarpus macro- 
carpus, Anogeissus acuminata, Pentacme suams, and other species, as well as 
various bamboos ; also in dry stunted forest on poor shallow soil with Diospyros 
burmanica, Terminalia Olweri, and the species already nientioned, teak being 
very scarce and of small size and the chief bamboo being Dendrocalamus 
strictus. 

Mr. G. B. Jetlery x refers to this tree in the same district in the following 
words : ' Albed to teak and possessing many of the properties of teak, durable, 
light (Aoating in fresh water), even-grained but rarely attains sumcient 
dimensions or number to be worth extracting. Has a decided demand in 
Mandalay, which would be much greater were a regular supply obtainable. 
The tree has the appearance of a very slow growth and reproduction does 
not seem good.' 

4. Vitex pcduncularis, Wall. Syn. V. alata, Roxb. Vern. Boruna, Beng. ; 
Osai, Ass. ; Kyetyo, pazin-nyo, Burm. 

A moderate-sized to large tree with triibliate leaves, the petioles being 
winged iu young plants and coppice-shoots. Wood hard, close-grained, used 
for posts and beams, yokes, &c. A tree of the eastern sub-Himalayan tract, 
Assam, Chota Nagpur, Orissa, and the Circars ; common in upper mixed and 
tropical forests in many parts of Burma. Haines says that in Chota Nagpur 
it occurs in Singhbhum and Gangpur, especially along streams, but also on 
northern rocky slopes, and that in Manbhum and Hazaribagb it is very common 
and attains large size on the northern slopes of Parasnath ; also in. Koderma, 
Palamau, and the Santal Parganas (rreguent). Mowers, March-June ; fruits, 
August-September. The fruit is a small drupe with a 3- or 4-celled stone. 
Growth, according to Gamble, 6 to 8 rings per inch of radius, giving a mean 
annual girth increment of 0-78 to 1-05 in. 

5. Vitex Leucoxylon, Linn. i. Vern. Songarbi, Mar. ;, Bole-lakki, senkani, 
Kan. ; Lokki, Tel. 

A small or large deciduous tree with a short thick trunk and spreading 
crown. Bark smooth, light-grey. Wood light greyish brown or pinkish, 
durable. Indian Peninsula from the Chanda district southwards, chieily 
along banks of streams, Kanara and the Konkan. Plowers, February-March | 
iruits, June (Bourdillon). 

6. Vitex glabrata, R. Br. Syn. V. Leucoxylon, Kurz. Vern. Goda, Beng. ; 
Tauksha, Burm. 

A large deciduous tree with 5-foliate leaves. Bark smooth, white. Wood 
grey, moderately hard, close-grained, durable, of good craality, used for cart- 
wheels. Assam, Chittagong, Burma, Andamans ; also in the R&jmahal hills, 
very local (Haines). This is a common and conspicuous tree in the upper 
mixed deciduous forests of Burma, and is also fairly common in certain types 
of lower mixed forest, preferring well-drained ground ; it is a eommon com- 
panion of the teak. Plowers, April-June ; fruits, June-July. The iruit is 
a drupe about 0-5 in. long. Growth, acoording to Gamble, averaging 6 rings 
per inch of radius, giving a mean annual girth increment of 1-05 in. 

1 Working PJan iov the Hintha Working Cireie, Ruby Mines Diyision, 1909, par. 13. 
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4. PREMNA, Linn. 

This genus contains over 30 Indian species of trees, shrubs, and climbers, 
of which none is of any great importance and many are rare. Silviculturally 
the trees have not been studied in detail ; they may yet become important 
as furnishing close-grained woods suitable for the manufacture of bobbins. 

Species 1. P. tomentosa, Willd. ; 2. P. ■pyrcumidata, Wall. ; 3. P.bengalensis, 
Clarke ; 4. P. latijolia, Boxb. 

1. Prenma tomontosa, Willd. Vern. Narvu, Tel. ; Podanganari, Tam. 

A moderate-sized deciduous tree with branchlets and leaves densely 
stellate-tomentose. Bark light greyish brown. Wood smooth, close-grained, 
suitable for turning and carving (Gamble). Central and southern India ; 
common in the Deccan and in the drier parts of southern India. Elowers with 
the young leaves in March-April ; fruits, June (Bourdillon). The iruits are 
small drupes arranged in terminal cyines. The tree is not readily browsed 
by goats. 

2. Preinua pyramidata, WalL Syn. P. tomentosa, Kurz. Vern. Kyunbo, 
kyunnalin, Burm. 

A moderate-sized deciduous tree with branchlets and undcr sides of 
leaves softly stellate-tomentose. Bark Hght greyish brown. Wood hard, 
close-grained, suitable for turnhig and carving. A tree common throughout 
Burma in dry and upper mixed deciduous forests. Growth, according to 
Gamble, 4 to S rings per inch of radius, giving a mean annual girth increment 
of 0-78 to 1-57 in. 

3. Proinna Ijeugalensis, Clarke. 

A small or moderate-sized tree, closely allied to P. pyramidata, and 
possibly not specincally distinct. Eastern sub-Himalayan tract, chieny on 
river-banks, Assam. Growth, according to Gamble, 3 to 5 rings per inch of 
radius, giving a meau annual girth increment of 1-26 to 2-1 in. 

4. Prcmna latiiolia, Roxb. Syn. P. viburnoides, Wall. ; P. mucronata, 
Roxb. Vern. Bahdr, Hind. 

A small deciduous tree with thin iight grey bark. Sub-Himalayan tract, 
Indian Peninsula, and Burma, chieny in rather dry mixed deciduous forest. 
In the western sub-Himalayan tract it is often found in the mixed forest 
which marks the transition stage between the riverain forest of Acacia Catechn 
and Dalbergia Sissoo, and the hnal stage of sal forest on the more elevated 
lands. In northern India the tree is ieaness from February to April. The 
corymbose innorescences appear from April to June, and the iruit, a small 
drupe, ripens in the cold season. The remains of the infructescences persist 
on the trees long after the fruits fall. A cross-section in the sihdeultural 
museum at Dehra .'Dun showed 43 rings for a girth of 2 ft. 11 in., giving a mean 
annual girth increment of 0'81 in. 
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5. CALLICARPA, Linn. 

This genus consists mainly of shrubs, and the only species of some Uttle 
interest is the following : 

Callicarpa arborea, Roxb. 

A small or moderate-sized tree with the branchlets, under sides of leaves, 
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and infl orescences densely toinentose with sof t stellate hairs . Wood moderately 
hard, even-grained, resembling that of GmeKna (Gamble). The tree is a familiar 
one in the eastern sub-Himalayan tract, where it springs up readily on burnt 
savannah Iands when they hrst come under hre-protection ; being a strong 
light-demander it soon becomes ousted by other trees. In Burma it comes 
up frequently in deserted taungya lands. The corymbose cymes of small iilac 
or purple Aowers appear from April to June, and the fruit, a small drupe, 
ripens from August to November or sometimes later. Growth, according to 
Gamble, 5 rings per inch of radius, giving a mean annual girth increment 
of 1-26 in. 

6. AVICENNIA, Liiui. 

Aviceimia oiMnalis, Linn. Syn. A. tomentosa, Wall. White mangrove. 
Vern. Tiwar, Mar. ; Ipati, Kan. ; Baen, Sundarbans ; Madda, Tel. ; Thamĕ, 
Burm. 

A large evergreen shrub or small tree of the mangrove swamps along the 
coasts and tidal creeks of India and Burina. It is one of the commonest of 
ihe Indian mangrove swamp ispecies, growing gregariously, and often formmg 
an extensive bushy growth, conspicuous from its grey foliage, and when in 
nower from its bright yellow inhorescences. In the Sundarbans it occurs in 
the inland parts of the littoral forest, and is characteristic of bliiU, or moist 
depressions. It is common along the coasts of both sides of the Indian Peninsula 
as well as of Chittagong, Arakan, and Btirma. In the Sittang estuary it some- 
times forms 60 to 70 per cent. of the stock, and reaches a height of 25-30 ft. 
with a girth of 2-3 ffc. 

The wood has a pecuhar structure, consisting of alternate layers of pore- 
bearing tissue and loose large-celled tissue without joores. It is brittle, and is 
used only as fuel, but in some loeahties it is an important fuel species. 

The panicled heads of yellow howers appear from March to June, and the 
fruit ripens from August to October. The iruit is a compressed ovoid one- 
seeded capsule 1-1-5 in. long, dehiscing into two thick valves. The large 
Aeshy cotyledons hll the fruit. The seeds germmate immediately they fall, 
or even on the tree. A thick densely hairy hypocotyl elongates, from the 
lower end of which a numher of rootlets appear, the shoot being produced from 
its upper end. 

The seeds are buoyant, and are thus able to spread by the agenoy of 
water ; about October the tidal creeks are often full of the large seeds Aoating 
on the surf ace of the water, and most of this seed will be f ound to be germinating , 
To collect the seed,for artihcial reproduction, the best method is to drag with 
a small net, and throw the seed into a canoe, partly hlled with water, which 
should then proceed straight to where the seed is to be sown, the seed being 
sown without delay. In Madras it is usual to sow the seed broadcast, the best 
time being between new moon and iull moon, when the tides are lowest ; 
the sowing is done when the tide has run out and there is no water on the 
ground, otherwise there is danger of the seed Aoating away. 1 

Under favourable conditions the tree regenerates freely from seed. The 
necessary conditions appear to be frequent Aooding and absence of dense low 

1 Working Plan for the Corringa Reserred Foieat, Godava*i Distriot, H. P. Wood, 1902. 
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cover, which the seedlings do not tolerate. Thus a lowering of the water- 
level results in a cessation of reproduction, while a dense growth of Acanthus 
ilicifolius, prevalent hi sorne localities, tends to kill out the seedlings. The 
tree does not coppice well. Its lateral roots spread in all direetions through 
the mud in which it grows, and send up a plentiiul crop of pneumatophores : 
Mr. A. W. Lrtshington has observed that in the Kistna mangrove forests these 
ultimately develop leaves and become trees. 1 This has not been recorded in 
any other locality, but in view of the poor coppicing power of the species it 
is a question of importance which requires further investigation in different 
localities. 

7. LANTANA, Linn. 

This gemis contains about 50 species of tropical or sub-tropical shrubs, 
ehieily American. The only indigenous Indian speeies is L. indica, Roxb. (Syn. 
L. dubia, Wall.), a pubescent unarmed shrub with light purple, yellow or 
white, almost scentless flowers, found throughout the greater part of India. 
The plant known in India as the lantana, which has spread with alarming 
results over extensive tracts of country, is L. aculeata, Linn., a species intro- 
duced from tropical America. 

Lantana aeuleataj Linn. Syn. L. Gamara, Linn. 

A shrub with recurved prickles on the stems and branches, leaves with 
a strong odour of black currants when crushed, and orange-coloured nowers. 
The iruits are small blaekish drupes and are readily devoured by birds and by 
squirrels, rats, jackals, and other animals, and the seeds are spread far and 
wide by their agency. The rlowers and fruits are produced in great abundance 
at most seasons of the year. The shrub forms a very dense impenetrable 
growth many feet high, the prickly branches interlacing and formmg a close 
network, while under luxuriant conditions of growth the plant becomes 
scandent, climbing into the crowns of trees. 

A native of tropical America, lantana is said to have been first introdueed 
into India as an ornamental and hedge plant in the hrst half of last century. 
It has since spread over a large part of southern India and over some other 
portions of the Peninsula, notably Berar and parts of Bombay. More recently 
it has become invasive in certain parts of northern India, for instance in the 
bhabar tract round Haldwani in the United Provinces and in the outskirts of 
Dehra Dun. It has spread to a considerable extent in the neighbourhood of 
Shillong, and unless kept in check is likely to extend throughout the Khasi 
and Jaintia hills. It has also succeeded in gaining a foothold in some parts of 
Burma, and indeed wherever conditions are at all favourable to its growth it 
spreads with alarmmg rapidity, and areas which in one year may contain only 
a few bushes sparsely dotted about will often become covered with a dense 
impenetrable mass of lantana within the space of a f ew years. Grazing-grounds 
thus become ruined in a short space of time, since the dense growth not only 
prevents the access of cattle, but also kills out grass. The plant is not readily 
browsed by cattle ; goats and camels occasionally nibble the very young 
leaves, but only when there is no other fodder at hand. Horses have been 
obseiwed to eat it. The plant Aourishes under varying climatic conditions, 

1 Inspeotion Notes, 1910. 
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from moist regions where the raiiifall exceeds 200 in. to comparatiyely dry 
localities where it is as low as 30 in. It nourishes equally well on flat and oii 
hilly ground, and on a variety of soils, including poor gravel and laterite. 
The plant is nght-loving, but wlll grow under moderate shade. It is very 
tenacious of life, coppicing vigorously and producing root-suckers, whieh 
necessitates very thorough uprooting to prevent the reappearance of shoots. 
It regenerates freely from seed, and a severe nre or a succession of hres is 
necessary to preveni seedhngs appearing in profusion. It burns readily, even 
when green, and after a fire it recovers rapidly, soon becoming as dense as ever. 

Nowhere has the lantana become so troublesome as in the south-western 
portion of the Indian Peninsula, in Coorg, parts of Mysore, the Mlgiris, and 
elsewhere. In Coorg alone the estimated areas of different classes of land 
infested by lantana in 1912 were : private land, 70,400 acres, of which 35,000 
acres had been cleared ; Government waste lancl, 40,000 acres ; reserved 
forests, 74,000 acres. An extensive scheme for eradicating lantana over an 
area of 63,200 acres in reserved forests and other Government lands in Coorg 
was drawn up in 1914, but owing to the outbreak of war in that year the 
scheme was held in abeyance. This scheme, extending over a period of eleven 
or twelve years, was estimated to cost Rs. 4,40,000. This ngure indicates 
the magnitude of the task involved in dealing with the pest once it spreads, 
and the necessity f or eradicating it as soon as it makes its appearance in any 
locality and bef ore it gets out of control. So serious has the lantana questiou 
become in Coorg that it has led to the passing of a special enactment entitled 
Tke Goorg Nacious Weeds Begulation, 1914, 

The eradication of lantana in Coorg has been the subject of detailed 
experiment by Mr. H. Tireman, who has published an interestiug paper on 
the subject. 1 The most practicable method so far evolved is to burn the 
lantana about February or March, cut it about a foot above ground, roll the 
cut material away from the stumps and burn it, the stumps being then dug 
up at the commencement of the rainy season when the groimd is soft ; the 
lantana is shallow-rooted, and in many cases the stumps can be pulled up by 
hand in soft ground. Uprooting of the regrowth is necessary for two or some- 
times three or four years after the Ĕrst cutting. The average cost of the work 
is Rs. 7 to Rs. 8 per acre for the principal clearing, or where the lantana ig 
exceptionally dense as much as Rs. 12 per acre. Por uprooting the regrowth 
the cost yaries from 12 annas to Rs. 1-8-0 per acre in the second year, ancl is 
about 6 annas in the third year, and slightly less in the fourth year. 

In parts of Madras elephants have been traincd to pull up lantana, the 
full-grown animals pulling the shrubs up by curling their trunks round them, 
and the younger ones pulling at a chain at the end of which is a hook fixed 
into the roots of the shrub ; this operation, however, requires to be followed 
by a further eradication by hand, repeated at intervals. In practice the use 
of elephants is possible only on a limited scale. 

The question of destroying lantana or preventing its spread by the aid of 
natural insect enemies, both indigenous and introduced, is under investigation, 
but the introduction of foreign insect enemies, such as the Agromyza ny, 
which destroys lantana seed in the Hawaiian Islands, is a measure requiring 

1 Ind. Foresfcer, slii (1916), p. 385. 
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to be carried out with great caution owing to the danger of the insect spreading 
to other host plants of valuable species. 

Altbough tlie lantana is a serious pest under many conditions, it is not 
always to be regarded as devoid of good qualities of any kind. Outside forest 
tracts the principal charges against it are'that unless kept in check, often at 
considerable cost, it cmickly overruns and monopolizes waste lands, grazing- 
grounds, cultivated land left fallow for a short time, and coffee and other 
plantations, and owing to the high cost of eradicating it it is a serious check 
to the spread of cultivation ; in the neighbourhood of cultivated or village 
lands it harbours pigs, which destroy the cultivators' crops, and dangerous 
carnivora, which devour his cattle ; round stations, cantonments, and villages 
it creates insanitary conditions. 

Within the forest its effects vary to some extent with the class of forest 
concerned. In deciduous forests if fire enters a lantana-infested tract, which 
it is almost certain to do periodically, the connagration is so intense that trees 
of all sizes may be killed outright, and immense damage to the crop may 
result. It is quite impossible to extinguish a nre raging through a tliick growth 
of lantana, and two or three years after a se'vere iire the weed is as dense and 
luxuriant as ever, and protits by the opening of the overhead canopy. Again, 
natural reproduction of the light-demanding species, which are often the most 
valuable species, is effectually checked. Even sandal seedhngs cannot survive 
long under a really dense crop of lantana. Still, when the lantana is removed 
in the manner described above, natural reproduction of tree species comes 
up plentifully 011 the cleared areas ; lantana undoubtedly enriches the soil, 
and forms a clean germinating bed very favourable to natural reproduction 
when light is admitted. Mr. Tireman, in his paper already referred to, gives 
instances of profuse reproduction of Anogeissus latijolia on lantana areas 
from which the weed has been cleared after repeated burning, while teak, 
Dalbergia latijolia, Pterocarpus Marsupium, and other valuable species also 
regenerate freely on such areas. 

Although hres are not so hable to occur in the evergreen as in the deciduous 
forests of southern India, they do sometimes take place in the former in dry 
years, and the damage done may be considerable owing to the susceptibility 
of the evergreen species to injury ; in the event of fire an undergrowth of 
lantana may therefore prove to be a serious menace. On the other hand, 
although lantana persists in evergreen forest, it does not become luxuriant 
when the canopy is dense and may in time be killed out, while seedlings of the 
shade-bearing evergreen species are better able to estabhsh themselves under 
its cover than those of the more light-demanding deciduous species. Thus 
except for the danger of fire, which is not always present, lantana in ever- 
green fore3ts is not, as a rule, the serious pest whioh it may become in deciduous 
forests. 

Although a serious scourge under many conditions, there are cases where 
the effects of lantana are benehcial to the forest. Owing to its soil-improving 
capacity it is a useful plant onpoor shallow rocky soil. Where not too dense 
it may serve as a useful nurse to valuable species, and instances have been 
noted where it has been of considerable help in the establishment of sandal 
reproduction ; it is sometimes held that lantana is connected with the spike 
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disease of sandal, a cpiestion which is diseussed under Santalum album. So 
far as the f orest is concerned, in areas where it has already monopolized the 
ground, the problem to be solved is how best to take advantage of its benencial 
cmalities and to minimize its injurious effects. Gomplete eradication over 
large areas is certainly a mo^t expensive operation, but it may be justihed in 
order to prevent the further spread of the pest, or where tlie risk of damage 
by fire is very serious, that is, where the forest crop is a sumciently valuable 
oue, for it may be regarded as almost certain that a lantana-infested area will 
be overrun with fire sooner or later. In Coorg, at all events, the forest manage- 
ment aims at a vigorous war of extermination against the lantana. On the 
other hand, the eradication of lantana over definite coupes annually, combined 
Avith the complete restocking of the areas taken in hand with valuable species 
by natural and artihcial means, would be a satisfactory method of taking 
advantage of the special cjualities of the lantana as an aid to reproduction. 
Apart from the cmestion of fire, however, objection might be taken to partial 
eradication of this kind on the ground that the uncleared portions of the forest 
will remain centres of infection to cultivated lands in the neighbourhood or 
to recently felled coupes in the f orest. The matter still recmires much study, 
particularly hi the direction of ascertaining the conditions of light and other 
factors under which lantana is unable again to take possession of the ground 
when it has once been eradicated and where its presence is undesirable. The 
planting or underplanting of an existing forest crop with heavy-foliaged 
species under which the lantana cannot thrive, is indicated as a possible 
subject for experiment. Ficus elastica has been tried for this purpose in 
Madras, but the successful establishment of this tree was not effected, and 
the experiment came to nothing. Mr. Tireman notes that the castor-oil plant 
checks the growth of the lantana oonsiderably, but does not kill it. 

Suggestions have been made that the lantana might be utilized com- 
mercially for the distillation of essential oil from its leaves or perfume from 
its ilowers ; there may be possibilities in this direction. It is already used to 
some extent as fuel by villagers, but the amount consumed is negligible com- 
pared with the enormous quantities available. 
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Ehretia, Liini., 682. 

acuuiinata, li.Br., 683. 

as-pera, Roxb., 682. 

jtoribunda, Benth., 682. 

laovis, Rqxb., 682. 

serrata, Roxb., 683. 
ERICACEAE, 633. 
Eiiobotrya japonica, LiudL, 487. 
E"ffOALYi'Tus, Lllerit., 556. 

aomonoides, Schaiter, 568. 

alpiua, Lindl., 56S. 

amygdalina, Labill., 568. 

Andrewsi, Maiden, 569. 

Baileyana, J'. v. M, 560. 

bicolor, A. Cunn., 569. 

botryoides, Srnith, 569. 

caloplrylla, li.Br., 560. 

Cambagoi, Deane and Maiden, 570. 

capitellata, #m., 570. 

oineroa, F. v, 31., 570. 

citriodora, Hook., 570. 

coccifera, Hook. 1, 560. 

coriacea, A. Ounn., 570. 

coryrnbosa, Smith, 571. 

corynocalys, J 1 . v. 31. , 571. 

crebra, J 1 . v. 31. , 571. 

delegatensis, Ii. T. Baher, 572, 

clives, Schauer, 572. 

eugonioidea, Sieber, 572. 

eximia, Schauer, 572. 

MciMia, J. u. ilf ., 572. 

1'oecunda, Schauer, 572. 

Globulus, £flMZ„ 573. 



Eucalyptus (coutinued) : 

goniphocephala, DC, 577.- 

goniocalyx, F. v. M„ 577. 

Gunnii, Ilooh., 577. 

haomastoma, Smith, 578. 

hemiphloia, i\ w. 3/., 578. 

Kirtoniana, J\ v. 31., 578. 

Leucoxylon, J'. v. 31., 678. 

longiiolia, Linh and Otto, 570. 

Macarthuri, Deane ancl 3Iaiden, 579. 

maorandia, F. v. M., 579. 

maorocarpa, Hook., 579. 

macrorrhyncha, F. v. 31., 570. 

maculata, Hooh., 579. 

Maideni, J\ ?;. 31., 580. 

niarginata, Smith, '580. 

melanophloia, J\ i\ JIJ., 581. 

mclliodora, j4. Gimn., 581. 

microeorys, J\ J), Jlf., 581, 

miniata, Gnnn., 581. 

Muelleriana, Howett, 581. 

obcordata, Turcz, 581. 

obliqua, Ullerit., 582. 

obtusiMia, DC, 590. 

occidentalis, Endl., 582. 

paniculata, Smith, 582. 

patentinervis, JS. 2'. Baher, 582, 

ymicijlora, Sieb., 570. 

pilularis, Smith, 582, 

piperita, Smith, 583. 

Planelioniana, J\ V. i)f ., 583. 

Platypus, Hook., 581. 

ptychocarpa, J\ u, J/,, 583. 

prUverulenta. Sims., 5S3. 

punctata, J>G'„ 583. 

redunca, Scliauer, 583. 

regnans, E. v. M., 568, 584. 

resiniiera, Smith, 584. 

robusta, Smith, 584. 

rostrata, Schlecht, 585. 

rubida, Deane and Maidmi, 585. 

rudis, JJYicK., 586. 

saligua, Smilh, 586. 

aiderophloia, Benth., 587. 

Sidoroxylon, A. Cw»„ 587. 

Sieberiaua, J 1 . r. J/., 587. 

Smithii, li. T. Baher, 588. 

stoUulata, S?'et., 588. 

stricia, Siob., 590. 

Stuartiana, F. v. 31., 58S. 

tereticomis, Smith, 588. 

trachyphloia. J 1 . t). J/., 589. 

umbra, iJ. f '. Ba/cer, 589. 

urnigera, IIooh.f., 589. 

viininalis, Labill., 580. 

virgata, jS«'c&., 590. 
Eugehia, Limi., 548. 

formosa, Wall., 548. 

Heyneana, TF«B., 549. 

Jambolana, Lam., 540. 

Jambos, Linn., 556. 

operculata, ito.tli., 555. 

Eagbaea, Thunb., 676. 

fragrans, Iioxb., 676. 
Ebasinus, Linn., 656. 

escelsior, Linn., 657. 

Aoribunda, Wall,, 650. 

Grimthii, Glarhe, 656. 

Hooheri, Wenzig, 657. 
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Erasinus (conlinued) : 

micrantha, Liwjelsh., 656.^ 
Moorcroftiana, Brandis, 658. 
xanthoxyloides, Wall., 658. 

lumtumia elastica, 8tapf, 663. 

Gakdenia, Liiin., 628. 

coronaria, Ham., 629. 

erythrocrada, Kvrz, 629. 

gummifera, Linn., 62S. 

latiEolia, Aiton, 628. 

luoida, Roxb., 628. 

obtusifolia, Roxb., 620. 

sessiliilora, Wall., 629. 

turgida, Raxb„ 629. 

uliginosa, Retz„ 632. 
Gmeltka, Liim., 769. 

arborea, Linn,., 769. 

HAMAMELIDAGBAE, .191. 
Habdwickia, Roxb., 339. 

binata, Roxb., 339. 

pinnata, Roxb„ 361. 
Holabkhena, B.Br., 664. 

antidysenterica, Wall., 664. 

Codacja, G. Don, 664. 
Homalium, Jaeq„ 611. 

tomentosum, Benth., 611. 
Hymhnodictyon, WalL, 625. 

escelsum, Wall,, 625. 

tJiyrsiJlorum, Wall., 625. 

■utile, Wight, 625. 

Ichnocarpus fruteseens, R.Br., 663. 
Inga dulcis, Willd., 485. 
IsoNA^nnA, Wight, 636. 

Justicia Adliatoda, Liun., 694. 

Kandelia, Wight and Am., 503. 

Rhecdii, 11'. and A„ 503. 
Kiokxia, Blume, 663. 

Lageesthoemia, Liim., 593. 

Plos-Eeginae, Relz„ 598. 

hypoletica, Kurz, 604. 

lunceolata, Wall, 602. 

macrocarpa, Kurz, 60-1. 

inicrocarpa, Wight, 602. 

parviflora, Roxb„ 593. 

speciosa, Pers., 598. 

tomentosa, Presl., 601. 
Landolphla, Beauv„ 663. 
Lantana, Lhm., 780. 

aouleata, Linn., 780. 

Camara, Liim., 780, 

dubia, Wall., 780. ' 

indica, Roxb„ 780. 
Lebcaena, Benth., 486, 

glauoa, Benth., 486. 
LOGANLACEAE, 673. 
Lumkitssera, WilkL, 548. 

raoeraosa, Willd., 548. 
LYTHRACEAE, 593. 

Marsdenia Roylei, Wig/it, 673. 

„ tenacissima, 11'. and, A,, 673. 

Millmgtokia, Lhm, 1, 692. 

hortunsis, Linn.f., 692. 

Mimosa amura, Rosb., 483. 

„ arabica, Lam., 419. 

„ Cateclm, Lhni., 447. 



j Mimosa dulcis, Roxb„ 485. 

„ dumosa, Roxb„ 459. 

„ ebumea, fioxb„ 462. 

„ elata, Roxb„ 476. 

„ leucopJitoea, Roxb„ 444. 

„ odoratissima, Roxb.. 479 
MIMOSEAE, 389. 
Mimitsops, Limi., 637. 

Elengi, Linn., 637. 

hesaiidra, Roxb„ 638. 

indica, A, DC, 638. 

littoralis, Kurz, 640. 
Mitragi/na ■parei/olia, Korth , C2J 
MYRSINACEAE, 636. 
MTRTACEAE, 548. 

Nauolea, Linn., 624, 

Cadamba, Roxb., 614. 
cordifolia, Willd., 616. 
yarvifotia, Willd., 621, 
rotundifolia, Roxb„ 624. 
seasilifolia, Roxb„ 624. 

Nyctasthes, Linn., 661. 
Arbor-tristis, Linn., 661. 

Olea, Linn., 658. 

cuspidata, WalL, 658. 

dioica, Roxb., 660. 

europaea, Linn., 661. 

Jerrugmea, Royle, 658. 

glanduliiera, Wall., 660. 
OLEACEAE, 656. 
Optojtia, Mill., 612. 

DiUenii, Haw., 612. 

spinosissima, MiU.. 612. 
0eoxylum, Vent„ 691.' 

indioum, Vewt„ 601. 



Padus cornnta, Carr., 488. 
J?alao[vuum Gutta, Burck,, 636. 

oblongifolium, BurcL, 636. 
pustulatum, 636. 
Paramoria, glanduliiera, Bentk, 663 
Parbotia, G. A. Meyer, 496. 

Jacquemontiana, Dcnc, 490 
Payeha, A. DC, 636. 
Lecrii, Kun, 636. 
Pentaptera Arjuna, Roxb„ 530, 
Phlogacanthus, Noes, 694. 
thyrsinorus, Nees, 094. 
Piebis, D. Don, 635. 

ovalifolia, D. Don, 635. 
Pithecolobittm, Martius, 485. 
dulce, Bentk, 485. 
■ Saman, Benlh., 485. 
Plaschoota, Bl., 592. 

andamaniea, Kiwj, 592. 
PonfctANA, Lirui., 337. 
olata, Linn., 338. 
regia, Bojer, 337. 
Pimma, Linn., 778. 

bengalensis, Chirha, 773. 
latifolia, Roxb., 778. 
mucronata, Roxb„ 778. 
pyramidata, Wall, 778. 
tomentosa, Willd., 778, 
tomentosa, Kurz, 778. 
vibmnoides, Wall,, 778. 
Pbosopis, Linn., 389. 
glandnlosa, Torr., 399. 
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Pbosopib (continued) : 

julinora, DC, 399. 

pallida, H. B. and K., 399. 

spioigera, Linn,., 389. 
PBirarjs, Linn., 487. 

Amygdalus, BailL, 487. 

armeniaca, Linn., 487. 

Cerasus, Linn., 487. 

coinnmnis, Hiuh., 487. 

nepalensis, Hook.f., 490. 

Padus, Liim., 488. 

persica, Bmith. and Hook. f., 487. 

Puddum, Roxb., 487. 
PtrarcA, Linn., 610. 

Granatuin, Linn., 610. 
Pynus, Lirui., 490. 

ooinmunis, Linn., 487. 

Malus, Linn., 487. 

Pashia, Ham., 490. 

mriolosa, Wall., 490. 

Randia, Linn., 632. 

dumetorum, Lam., 632. 

longispina, DO, 632. 

malabarica, Lam., 632. 

nutans, DC„ 632. 

tetrasperma, Boxb., 632. 

uliginosa, jDC, 632. 
RjBKOphoba, Linn., 500. 

conjugata, Linn., 501. 

mucronata, Lam., 500. 
RHIZOPHORACEAE, 496. 
Rhododendkoit, Liiiu., 633. 

arboreum, Sm., 633. 
Rosa Leschenaultiana, 1F. «wZ ..-),, 487. 

,, mosehata, Mill., 487. 
ROSACEAE, 487. 
RUBIACEAE, 613. 
Rubus lasiocarpus, Sm., 487. 

Salvadora, Linn., 662. 

indica, Wight, 663. 

oleoides, Dcne., 662. 

persicct, Linn., 663. 

Wightiana, PJancli., 663. 
SALVADORACEAE, 662. 
SAMYDACEAE, 610. 
SAPOTACEAE, 636. 
Saeaca, Linn., 362. 

indica, Linn., 362. 
Sarcoceplialus Gadamba, Kurz, 614. 
Soiibebeba, Roxb., 662. 

awietenioides, Boxb„ 662. 
iSonnebatia, Linn. f,, 608. 

acida, Linn. /'., 609. 

alba, Sviith,'li09. 

apetala. Ilani., 608. 

Gritnthii, Kwz, 609. 
Spatliodea xylocarpa, T. AiuL, 689. 
Stebhegyne, Korth., 021. 

diversifolia, Hook.J'., 024. 

parvifolia, Korth., 621. 
Stbeeospebmum, Cham., 684. 

chelonoides, DC, 688. 

neurauthum, K%wz, 691. 

suaveolene, DG., 684. 

sylocarpum, Benth. and Iloolc.j'., 689. 
Stkobilanthes, Blume, 694. 

alatus, Ne.es, 695. 

atropurpureus, Nees, 695. 
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Stbobilajithe.s (conliiiued) : 

auriculatus, Nees, 604. 

barbatus, Ne.es, 695. 

ealloaus, Nee-s, 695. 

Dalhousianus, Olarke, 695. 

divarieatus, T. Awl., 695. 

toliosus, T. And., 694. 

Kuuthianus, T. And., 694. 

pectinatus, T. And., 694 

perfoliatus, T. And., 695. 

rufescens, 2'. ^4«rf., 695. 

sessilis, Nees, 695. 

Wallichii, A T ees, 605. 
Strixhnos, Linn., 673. 

Nus-blauda, .4. W. Hill, 674. 

jSTux-vomica, Linn., 673. 

potatoruni, Linn./., 676. 

Tamaeindus, Liuu., 362. 

indica, Linn., 362. 
Tecoma, Juas., 693N 

undulata, 67. Do«, 693. 
Tecomella undulata, Seem.»J393. 
Tectona, Linn. f., 697. 

grandis, Linn.f., 697 
Termtsalia, Limi., 507. 

Arjuna, BecJd., 530. 

belerica, Roxb., 507. 

bialata, Steudel, 537. 

Catappa, Linn., 534. 

Chebula,' 2i«te., 511. 

glabra, W. anc\ A., 530. 

myriocarpa, Heurck. aiul jShtell. Arg., 

01iveri, Brandis, 537. 

panieulata, Bot/i, 534. 

procera, Roxb„ 534. 

pyrifolia, Kurs, 537. 

tomentella, Kiitz, 511. 

tomentosa, IV. and .-!., 514. 
Teteameles, R.Br., 612. 

nudinora, R.Br., 612, 

Urceola esoulentn, BentJi., 603. 

YacJiellia Barnesiana, W. and A., 462. 
Vailaris Heynci, Spreng., 663. 
VERBENAOEAE, 697. 
Vitex, Linn., 776. 

(data, Roxb„ 777. 

altissima, Limi.j'., 776. 

arborea, Roxb., 776. 

glabrata, B.Br., 777. 

Lenoosylon, Linn.j'., 111. 

Leucoxylon, Kurz, 777. 

Negunclo, Linn., 776. 

peduucularis, Wall., 777. 

pubescens, Vahl, 776. 

Wendlandia, Bartl., 628. 

esaerta, DC, 628. 
Woodeoedia, Salisb., 609, 

iloribuuda, Salisb., 609. 
Wbi&iitia, R.Br., 668. 

mollissirna, Wall., 668. 

tinctoria, B.Br., 671. 

tomentosa, Boern. and Scl/,., 668. 

Wallictei, A. DC, 668. 

Xtxia, Benth., 402. 

dolabrifoi'mis, Bentli,, 402. 
sylocarpa (Boxb.), Hdle, 413. 
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